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Abstract;  The  deterioration  of  heating  and  cooling  systems  is  considered 
the  top  facility  corrosion  problem  by  Army  facility  managers,  because 
heating  and  cooling  services  are  mission-critical.  Cooling  towers  are  sus¬ 
ceptible  to  fouling  due  to  the  buildup  of  algae  and  other  microbiological 
growth,  which  can  cause  corrosion,  reduce  energy  efficiency,  and  spread 
disease.  A  new  process  has  been  developed  to  replace  chlorination  in  cool¬ 
ing  water  systems  by  generating  an  effective  biocide  on-site  using  ordinary 
table  salt  (sodium  chloride)  and  water  in  an  electrolytic  cell.  Three  cooling 
towers  were  treated  with  this  technology  at  Corpus  Christ!  Army  Depot, 
TX,  and  a  fourth  tower  was  monitored  without  treatment  as  a  control.  The 
earliest  data  collected  indicate  that  the  pH  and  conductivity  of  the  cooling 
tower  water  did  not  change  significantly  after  the  mixed  oxidant  genera¬ 
tion  system  was  implemented,  so  no  water  chemistry  adjustments  are  ne¬ 
cessary.  Also,  the  level  of  microbial  activity  in  the  water  remains  at  low 
pretreatment  levels.  The  data  from  an  in-dependent  analysis  by  the  Illinois 
State  Water  Survey  are  not  yet  available.  Data  collection  and  analysis,  both 
at  the  site  and  from  samples  sent  to  the  water  survey,  will  continue 
through  December  2008. 
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Executive  Summary 

The  Army  Installation  Management  Agency  (IMA)  and  the  Army  Chief  of 
Staff  for  Installation  Management  (ACSIM)  consider  the  deterioration  of 
heating  and  cooling  systems  to  be  the  top  facility  corrosion  problem  due  to 
the  critical  nature  of  heating  and  cooling  services,  especially  in  severe  en¬ 
vironments.  Heating  and  cooling  of  DoD  facilities  is  critical  to  mission  ex¬ 
ecution.  Cooling  tower  systems  are  susceptible  to  fouling  due  to  the  buil¬ 
dup  of  algae  and  other  microbiological  growth.  The  biofilm  can  harbor 
disease-causing  bacteria.  The  development  of  a  biofilm  can  increase  corro¬ 
sion  rates,  and  decrease  the  energy  efficiency  of  heat  transfer  surfaces. 

A  new  disinfectant  process  has  been  developed  to  replace  chlorination  in 
cooling  water  systems.  The  mixed  oxidants  process  generates  a  disinfec¬ 
tion  solution  from  ordinary  table  salt  (sodium  chloride)  and  water  in  an 
electrolytic  cell  to  generate  the  disinfectant  solution  on-site,  replacing 
chlorine  gas  and  bulk  bleach  disinfection  systems.  No  hazardous  materials 
are  transported  to  or  stored  onsite,  reducing  environmental  risks,  and 
safety  hazards,  and  the  problem  of  solution  degradation  during  storage. 

Three  cooling  towers  were  treated  with  this  process  at  Corpus  Christi  Ar¬ 
my  Depot,  and  a  fourth  tower  was  monitored  without  treatment  as  a  con¬ 
trol.  CCAD  was  selected  as  a  demonstration  site  because  it  had  different 
types  of  cooling  towers  running  in  a  corrosive  environment  with  a  high 
cooling  demand.  Data  collected  at  the  site  in  the  early  weeks  of  perfor¬ 
mance  monitoring  indicate  that  the  pH  and  conductivity  of  the  cooling 
tower  water  do  not  change  significantly  when  the  mixed  oxidant  genera¬ 
tion  system  is  implemented.  The  data  from  an  independent  analysis  by  the 
Illinois  State  Water  Survey  are  not  yet  available.  Data  collection  and  analy¬ 
sis,  both  at  the  site  and  from  samples  sent  to  the  water  survey  will  contin¬ 
ue  for  a  full  9  months  after  startup  of  the  system. 

A  lesson  learned  during  the  first  application  was  that  the  use  of  finely 
ground  table  salt  can  clog  system  filters.  The  clogging  was  prevented  by 
placing  a  bed  of  quartz  rocks  in  the  bottom  of  the  brine  tank,  where  the 
salt  precipitate  can  settle  and  dissolve  into  solution  over  time.  The  subse¬ 
quent  applications  are  using  a  granulated  form  of  salt  to  avoid  clogging 
and  the  expense  of  using  a  quartz  settling  bed. 
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Unit  Conversion  Factors 


Multiply 

By 

To  Obtain 

degrees  Fahrenheit 

(F-32)/1.8 

degrees  Celsius 

feet 

0.3048 

meters 

gallons  (U.S.  liquid) 

3.785412  E-03 

cubic  meters 

inches 

0.0254 

meters 

mils 

0.0254 

millimeters 

square  feet 

0.09290304 

square  meters 

ERDC/CERL  TR-09-28 


viii 


ERDC/CERL  TR-09-28 


1 


1  Introduction 

1.1  Problem  statement 

The  U.S.  Army  Installation  Management  Command  (IMCOM)  and  the 
Army  Chief  of  Staff  for  Installation  Management  (ACSIM)  consider  the  de¬ 
terioration  of  heating  and  cooling  systems  to  be  the  top  facility  corrosion 
problem  due  to  the  critical  requirement  for  space  conditioning,  especially 
in  severe  environments.  Heating  and  cooling  services  in  DoD  facilities  are 
critical  to  mission  execution.  Personnel  must  be  provided  with  a  habitable 
training,  working,  and  living  environment,  and  mission-critical  electronic 
equipment  such  as  high-performance  computers  and  flight  simulators 
must  be  continuously  cooled  to  avoid  failure. 

Cooling  tower  systems  are  susceptible  to  fouling  due  to  the  buildup  of  al¬ 
gae  and  other  microbiological  growth.  The  development  of  a  biofilm  can 
increase  corrosion  rates  while  decreasing  the  energy  efficiency  of  heat- 
transfer  surfaces.  Such  biofilm  also  can  host  pathogenic  bacteria  such  as 
Legionella  pneumophila,  the  cause  of  Legionnaire’s  disease.  The  standard 
technology  for  the  suppression  of  biofilm  growth  is  chlorination  of  the  car¬ 
rier  fluid  using  chlorine  gas  or  bulk  bleach  disinfecting  systems.  These 
chlorination  systems  can  increase  the  incidence  of  corrosion  inside  the 
system  even  as  they  suppress  biofilm  development. 

A  new  cooling  system  disinfectant  technology  known  as  the  mixed  oxi¬ 
dants  proeess  has  been  developed  to  replace  conventional  chlorination 
methods.  This  process  eliminates  biofouling  and  scaling,  and  is  claimed  to 
be  less  corrosive  than  conventional  chlorination.  One  such  disinfection 
technology  is  distributed  under  the  trade  name  MIOX,  by  the  MIOX  Cor¬ 
poration,  Albuquerque,  NM.  The  company  claims  that  its  system  removes 
existing  biofilm,  and  greatly  reduces  both  micro-biologically-induced  cor¬ 
rosion  and  corrosion  due  to  sulfate-reducing  bacteria.  The  equipment  is 
available  in  a  range  of  sizes,  from  battery-powered  personal  drinking  water 
purifiers  through  large-scale  devices  for  disinfecting  cooling  tower  or 
swimming  pool  water.  The  technology  was  originally  developed  in  the 
1980s  by  the  Los  Alamos  Technical  Associates  (LATA)  in  response  to  the 
Army’s  solicitation  for  a  simple,  portable  alternative  water  purification 
system. 
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The  mixed  oxidant  technology  uses  ordinary  table  salt  (sodium  chloride) 
and  water  in  an  electrolytic  cell  to  generate  the  biocide  onsite.  The  biocide 
is  a  solution  containing  chlorine  and  chlorine  compounds  generated  in  the 
electrolytic  cell  and  monitored  as  free  chlorine  as  it  is  dosed  into  the  cool¬ 
ing  tower  system.  There  are  several  advantages  to  this  process  over  the  use 
of  bulk  chemicals: 

•  No  hazardous  materials  such  as  chlorine  gas  or  sodium  hypochlorite 
need  to  be  transported  to  or  stored  at  the  facility. 

•  Regulatory  requirements  for  risk  management  plans,  hazardous  mate¬ 
rials  training,  etc.,  are  eliminated. 

•  On-demand  production  of  the  biocide  eliminates  the  problem  of  solu¬ 
tion  degradation  as  it  sits  in  storage. 

•  Corrosivity  is  reduced  because  the  oxidant  does  not  offgas  at  normal 
system  operating  temperatures. 

•  The  resulting  free  chlorine  concentration  of  <  i%  is  classified  as  nonha- 
zardous. 

1.2  Objective 

The  objectives  of  this  work  were  to: 

•  Demonstrate  a  state-of-the-art  treatment  system  for  controlling  micro¬ 
biological  growth  and  associated  corrosion  in  cooling  towers  at  an  Ar¬ 
my  site  with  a  high  cooling  demand  and  a  corrosive  environment; 

•  Monitor  the  performance  of  the  system  on  three  cooling  towers  for  a 
period  of  9  -  12  months  and  compare  these  results  to  monitoring  done 
without  treatment  on  a  fourth  cooling  tower  at  the  site; 

•  Develop  implementation  guidance  for  the  use  of  the  technology  at  DoD 
installations. 

1.3  Approach 

The  Corpus  Christi  Army  Depot  was  selected  as  the  demonstration  site  be¬ 
cause  it  uses  cooling  tower  of  different  types  and  sizes  that  operate  in  a 
corrosive  environment.  The  site  also  had  sufficient  space  available  in  the 
mechanical  rooms  for  placement  of  the  control  system  and  solution  tanks. 

Additional  details  about  how  this  demonstration  was  executed  are  pro¬ 
vided  in  Appendix  A,  “Project  Management  Plan  for  CPC  Project  FAR-03”; 
and  Appendix  B,  “Contractor  Documentation.” 
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2  Technical  Investigation 

2.1  Project  overview 

A  schematic  drawing  of  the  MIOX  system  is  shown  in  Figure  i.  For  the 
Corpus  Christie  cooling  system  applications,  smart  monitoring  and  control 
systems  were  installed  to  continuously  monitor  and  dose  the  cooling  wa¬ 
ter.  Specifically,  the  automated  control  system  verifies  uniform  and  effec¬ 
tive  treatment  for  cooling  towers  and  consistent  protection  against  corro¬ 
sion,  scale,  and  microbiological  growth.  The  nonhazardous  MIOX  process 
and  the  smart  control  system  provide  a  longer,  energy  efficient  service  life, 
lower  life-cycle  operating  costs,  improved  safety,  and  reduced  risk  of  envi¬ 
ronmental  contamination. 


Figure  1.  Schematic  of  the  MIOX  system.  Source:  MIOX  Corp. 


2.2  Installation  of  the  technology 

On  10  -  11  April  2008,  SurTech  Corporation  initiated  the  MIOX  program 
at  Corpus  Christi  Army  Depot.  MIOX  equipment  was  subsequently  in¬ 
stalled  at  the  locations  shown  in  Table  1.  The  company’s  installation  ma¬ 
nual  for  the  MIOX  is  included  as  an  attachment  to  Appendix  B. 
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Table  1.  Selected  cooling  tower  systems. 


MlOX  Model 

Site 

Tower  Type 

Chiller  Type 

Chiller  Size 

SAL-30 

Mechanical 

Room  8 

Marley  Class  NO 
galvanized  steel 

York  Screw 

Chiller 

180  tons 

SAL-40 

Mechanical 

Room  9 

Evapco 

Trane  Centravac 
Rotary  Chiller 

130  tons 

SAL-40 

Mechanical 

Room  95 

Evapco 

Carrier  Screw 
Chiller 

96  Tons 

Two  areas  that  caused  problems  during  installation  were  (i)  securing  per¬ 
mission  to  drill  a  i  in.  vent  to  exhaust  the  hydrogen  gas  emission  through 
the  ceiling  at  each  location  and  (2)  arranging  a  dedicated  electrical  supply 
line  with  its  own  circuit  breaker.  The  actual  installation  of  the  technology 
by  SurTech’s  mechanical  subcontractor  proceeded  without  problem. 

The  first  unit  brought  online  was  in  Mechanical  Room  (MR)  8.  Figure  2 
shows  the  MIOX  control  panel  and  the  electrolytic  cell  that  generates  bio¬ 
cide  using  electric  current  and  a  saline  solution.  Figure  3  shows,  from  left 
to  right,  the  oxidant  feed  tank,  the  water  softeners,  and  the  brine  tank. 
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Figure  3.  In-line  components  of  the  MlOX  biocide-generating  system. 


One  part  of  the  final  startup  phase  at  MR-8  has  caused  the  contractor  to 
reconfigure  the  startup  at  the  other  two  locations.  The  MIOX  process  re¬ 
quires  a  very  pure  form  of  sodium  chloride  salt.  For  this  purpose  the  con¬ 
tractor  originally  procured  50  lb  bags  of  Tru-Flow  Evaporated  Food  Grade 
table  salt.  Because  the  fine  salt  crystals  will  plug  a  filter  down  stream  in  the 
MIOX  unit,  it  was  necessary  to  put  several  bags  of  two  different  grades  of 
quartz  rocks  in  the  bottom  of  the  brine  tank  to  provide  a  settling  bed  for 
the  salt.  After  the  work  was  done  on  MR-8,  the  installers  opted  to  use  a 
pellet  form  of  salt  at  the  other  locations.  Using  pelletized  salt  makes  it  un¬ 
necessary  to  provide  a  quartz  settling  bed,  avoiding  the  expenditure  of 
$150  -  200  per  location  for  the  rocks. 

2.3  Technology  operation 

All  MIOX  SAL  units  are  preprogrammed  so  that  once  power  and  water  are 
supplied  to  the  equipment,  the  control  panel  automatically  generates  the 
desired  mixed-oxidants. 

It  was  necessary  to  experiment  with  the  brine  and  soft  water  flows  to  max¬ 
imize  the  concentration  of  the  oxidant  (biocide)  that  was  made.  An  oxidant 
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tank  is  included  inline  to  store  the  biocide  until  it  is  fed  to  the  recirculating 
cooling  tower  using  a  chemical  feed  pump.  The  biocide  pump  used  with 
the  previous  microbiological  control  chemical  was  adapted  to  feed  the 
mixed  oxidant  to  the  system. 

An  adjustment  period  of  several  weeks  is  required  before  the  MIOX  sys¬ 
tems  reach  their  intended  steady  state.  The  mixed-oxidant  solution  in  the 
oxidant  tank  started  at  a  concentration  of  1,500  mg/1,  with  the  target  con¬ 
centration  being  3,400  -  4,000  mg/1.  Adjustment  of  the  biocide  concen¬ 
tration  to  the  proper  levels  for  controlling  microbial  growth  is  achieved  by 
changing  the  flow  rate  of  the  chemical  feed  pump. 

The  established  corrosion  and  scale  control  programs  required  no  change 
after  implementation  of  the  MIOX  system.  A  commercial  corrosion  inhibi¬ 
tor  formulated  with  phosphonates  and  sodium  tolutriazole  is  used,  and 
sulfuric  acid  controlled  calcium  scale  buildup. 

2.4  Performance  monitoring 

Two  instantaneous  corrosion  probes  were  installed  in  a  corrosion  coupon 
bypass  assembly  along  with  two  permanent  metal  coupons.  The  instanta¬ 
neous  probes  have  CDA^  no  copper  electrodes  and  Cioio  steel  electrodes. 
The  same  metals  are  used  for  the  permanent  coupons.  During  the  demon¬ 
stration  period,  instantaneous  corrosion  readings  are  obtained  every  2 
weeks  by  the  service  representatives,  and  the  coupons  are  changed  every 
30  days.  These  coupons  will  be  sent  to  the  Illinois  State  Water  Survey  for 
analysis.  Before  initiation  of  the  MIOX  treatment,  samples  of  the  makeup 
water  and  cooling  tower  water  were  taken  for  analysis  by  the  survey. 

The  MIOX  system  is  monitored  and  operated  by  a  smart  controller  pro¬ 
grammed  to  maintain  a  constant  concentration  of  biocide  in  the  oxidant 
solution  tank.  The  controller  maintains  a  24-hour  supply  in  the  tank  at  the 
proper  concentration.  The  system  can  be  set  up  to  activate  a  remote  alarm 
when  it  requires  additional  salt  or  other  service,  and  it  can  transmit  data 
for  remote  display. 


1 CDA:  Copper  Development  Association. 
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3  Discussion 

3.1  Metrics 

Three  open  circulating  cooling  towers  are  treated  with  the  OSG  system, 
and  a  fourth  tower  is  set  up  as  a  control  for  collecting  baseline  data. 

Every  2  weeks  the  onsite  mechanical  contractor  was  to  visit  the  site  and 
perform  the  following  tests  on  the  three  treated  towers  and  the  control: 

•  Tower  water 

1.  Calcium  Hardness  -  record 

2.  Total  Alkalinity  -  record 

3.  pH -7.0 -9.0 

4.  Specific  Conductivity  -  3,500  micromhos  maximum 

5.  Total  Available  Free  Chlorine  -  0.5-1.0  mg/1 

6.  Total  Bacteria  -  1,000  CPU  (colony-forming  units) 

7.  Inhibitor  Concentration 

8.  Corater  Corrosion  Readings  for  Iron  (3.ompy  max.)  and  Copper  (0.10 
mpy  max.) 

9.  Optional  Tests  -  Iron,  Copper 

•  Makeup  water 

10.  Calcium  Hardness  -  Water  softened  by  MIOX  to  0-3  mg/1 

11.  Total  Alkalinity  -  record,  not  significant 

12.  pH  -  7.0  -  9.0 

13.  Specific  Conductivity  -  record 

14.  Total  Available  Free  Chlorine  -  record 

15.  Total  Bacteria  -  record 

16.  Optional  Tests  -  iron,  copper 

Each  tower  was  outfitted  with  a  bypass  loop  for  installing  copper  and  steel 
corrosion  coupons,  which  were  scheduled  to  be  removed  and  replaced  with 
new  coupons  once  per  month.  The  coupons  were  supplied  by  and  returned 
to  the  Illinois  State  Water  Survey  for  analysis.  Samples  of  makeup  water 
and  water  from  each  of  the  four  towers  also  were  collected  once  a  month 
and  sent  to  the  water  survey  for  independent  analysis. 
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3.2  Results 

Data  collected  at  the  site  during  the  early  weeks  of  performance  monitor¬ 
ing  indicate  that  the  pH  and  conductivity  of  the  cooling  tower  water  do  not 
change  significantly  when  the  mixed  oxidant  generation  system  is  imple¬ 
mented.  Therefore,  the  water  chemistry  does  not  need  to  be  adjusted  to 
compensate  for  the  effects  of  system.  The  microbiological  counts  were 
considered  excellent,  at  below  1,000  CFU/ml  before  implementation,  and 
they  remained  below  1,000  CFU/ml  when  operating  with  the  mixed  oxide 
system  biocide.  The  interim  data  are  shown  in  Table  2  and  Figure  4. 


Table  2.  Initial  MlOX  comparative  data  from  Mechanical  Room  8. 


System 

Date 

Conductivity, 

uS/cm 

TSC,  inhibitor 
Tracer 

Microbiological, 

CFU/ml 

pH 

Pre  MlOX 

3/5/2008 

2811 

2.6 

<10+3 

8.2 

3/12/2008 

3145 

13 

<10+3 

8.3 

3/20/2008 

2600 

6 

<10+3 

8.5 

3/27/2008 

3494 

7.5 

<10+3 

8.4 

4/9/2008 

3455 

4.4 

<10+3 

8.7 

With  MlOX 

4/24/2008 

3463 

5.7 

<10+3 

8.7 

4/30/2008 

3523 

7.5 

<10+3 

8.6 

5/7/2008 

3335 

7.5 

<10+3 

8.7 

5/14/2008 

3361 

5.8 

<10+3 

8.5 

Figure  4.  Water  chemistry  trend  lines  for  conductivity  and  pH,  March  -  May  2008. 
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A  formal  analysis  will  be  performed  at  the  end  of  the  9  month  evaluation 
period  (approximately  December  2008). 

3.3  Lessons  learned 

The  type  of  salt  selected  for  developing  the  brine  may  negatively  impact 
system  performance.  If  food-grade  table  salt  is  used,  it  must  be  mixed  in  a 
brine  tank  containing  a  settling  bed  of  quartz  rocks.  The  quartz  remains 
chemically  inert  in  the  carrier  fluid,  but  the  gravel  allows  suspended  salt 
crystals  to  settle  to  the  bottom  of  the  tank,  where  the  salt  can  dissolve 
quiescently  at  the  intended  rate,  undisturbed  by  water  turbulence.  With¬ 
out  the  settling  bed,  salt  sediment  may  flow  through  the  system  and  clog 
downstream  filters.  In  order  to  avoid  the  need  for  a  quartz  settling  bed  in 
the  brine  tank,  the  use  of  pelletized  forms  of  salt  is  recommended. 
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4  Economic  Summary 

Conventional  treatment  of  cooling  towers  with  chlorine  in  the  form  of 
chlorine  gas  or  sodium  hypochlorite  solution  involves: 

•  purchasing  the  disinfectant 

•  transporting  it  to  the  site  as  a  hazardous  material 

•  storing  the  hazardous  material  onsite. 

The  new  technology  transports  the  raw  materials  in  a  much  more  efficient 
form.  The  volume  of  hypochlorite  solution  is  nearly  five  times  larger  than 
the  volume  of  salt  required  to  generate  an  equivalent  amount  of  hypochlo¬ 
rite  on  site.  Therefore,  it  is  reasonable  to  estimate  that  the  shipping  re¬ 
quirement  and  the  associated  carbon  footprint  for  the  required  salt  is  one- 
fifth  that  of  transporting  sodium  hypochlorite  in  bulk.  There  are  direct 
savings  in  the  purchase,  with  shipping  costs,  of  the  salt;  and  indirect  sav¬ 
ings  in  the  environmental  impact  of  the  reduced  shipping  requirement. 
Also,  the  cost  of  raw  materials  for  both  hypochlorite  and  chlorine  gas  have 
been  climbing  drastically  over  the  past  several  years,  while  the  cost  of  salt 
has  remained  relatively  constant. 

4.1  Costs  and  assumptions 

Demonstration  project  costs  are  shown  below: 


Funding  Source 

OSD 

Matching 

Labor 

80 

145 

Materials/Contracting 

225 

292 

Navy  /  Air  Force  Support 

20 

20 

Travel 

10 

10 

Report 

15 

0 

Total 

350 

467 

A  typical  installation  maintains  as  many  as  35  cooling  towers.  An  operat¬ 
ing  budget  for  this  number  of  towers  has  been  estimated  at  $69oK  per 
year,  based  annual  operating  costs  of  $29oK  and  repair/replacement  costs 
of  $40 oK  per  year  (two  new  towers  per  year). 
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The  operating  costs  of  the  new  system  are  estimated  at  $195  per  year,  and 
are  associated  with  an  indirect  cost  avoided  of  $125K  per  year  (costs  of  re¬ 
locating  personnel  and  equipment  to  alternate  space  during  a  cooling 
tower  failure). 

4.2  Projected  return  on  investment  (ROI) 

1.  Projected  Useful  Life  Savings  (ULS)  is  equal  to  the  “Net  Present  Value 
(NPV)  of  Benefits  and  Savings”  calculated  from  the  Spreadsheet  shown  in 
Appendix  A  that  is  based  on  Appendix  B  of  0MB  Circular  A94. 

ULS=  $7,693K  (from  0MB  Spreadsheet. 

2.  Project  Cost  (PC)  is  shown  as  “Investment  Required”  in  0MB  Spread¬ 
sheet  in  Appendix  A;  PC=  $8i7K. 

3.  Potential  ROI  -  Computation 

ULS  $  7,693K 

Potential  ROI  = - = - =  9.42 

PC  $  817K 

The  calculated  ROI  for  this  project,  which  is  based  on  current  best  practic¬ 
es,  projected  maintenance,  and  rehab  costs,  has  the  potential  to  increase 
over  the  multiple-year  implementation.  An  expected  reduction  in  cooling 
system  downtime  will  result  in  higher  indirect  savings. 
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Investment  Required 


817,000 


Return  on  Investment  Ratio 


9.42 


Percent 


942% 


Net  Present  Value  of  Costs  and 


Benefits/Savings 

2,419,697 

10,113,091  [ 

7,693,394 

B  C 

Baseline  Costs  Baseline 
Benefits/ 
Savings 

D 

New 

System 

Costs 

E 

New 

System 

Benefits/ 

Savings 

F 

Present 
Value  of 
Costs 

G 

Present 
Value  of 
Savings 

H 

Total  Present 
Value 

690,000 

195,000 

125,000 

182,247 

761,699 

579,452 

690,000 

195,000 

125,000 

170,313 

711,821 

541,508 

690,000 

195,000 

125,000 

159,179 

665,285 

506,106 

690,000 

195,000 

125,000 

148,766 

621,764 

472,998 

690,000 

195,000 

125,000 

139,035 

581,095 

442,060 

690,000 

195,000 

125,000 

129,929 

543,035 

413,106 

690,000 

195,000 

125,000 

121,427 

507,501 

386,074 

690,000 

195,000 

125,000 

113,490 

474,330 

360,840 

690,000 

195,000 

125,000 

106,061 

443,279 

337,218 

690,000 

195,000 

125,000 

99,119 

414,265 

315,146 

690,000 

195,000 

125,000 

92,645 

387,207 

294,562 

690,000 

195,000 

125,000 

86,580 

361,860 

275,280 

690,000 

195,000 

125,000 

80,925 

338,225 

257,300 

690,000 

195,000 

125,000 

75,621 

316,057 

240,436 

690,000 

195,000 

125,000 

70,668 

295,356 

224,688 

690,000 

195,000 

125,000 

66,047 

276,041 

209,994 

690,000 

195,000 

125,000 

61,737 

258,029 

196,292 

690,000 

195,000 

125,000 

57,701 

241,159 

183,458 

690,000 

195,000 

125,000 

53,918 

225,348 

171,430 

690,000 

195,000 

125,000 

50,388 

210,596 

160,208 

690,000 

195,000 

125,000 

47,093 

196,823 

149,730 

690,000 

195,000 

125,000 

44,012 

183,946 

139,934 

690,000 

195,000 

125,000 

41,126 

171,884 

130,758 

690,000 

195,000 

125,000 

38,435 

160,637 

122,202 

690,000 

195,000 

125,000 

35,919 

150,123 

114,204 

690,000 

195,000 

125,000 

33,579 

140,343 

106,764 

690,000 

195,000 

125,000 

31,376 

131,134 

99,758 

690,000 

195,000 

125,000 

29,328 

122,576 

93,248 

690,000 

195,000 

125,000 

27,417 

114,589 

87,172 

690,000 

195,000 

125,000 

25,623 

107,091 

81,468 
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5  Conclusions  and  Recommendations 

5.1  Conclusions 

To  date,  the  cooling  tower  disinfection  system  demonstrated  in  this  project 
has  been  shown  to  provide  good  control  of  the  microbiological  growth  in 
the  systems,  and  does  not  produce  corrosive  chlorine  byproducts.  The  use 
of  this  disinfection  system  eliminates  the  need  to  transport  and  store  ha¬ 
zardous  chlorine  compounds  onsite.  This  technology  has  the  potential  to 
deliver  these  benefits  to  virtually  all  open  recirculating  cooling  towers  in 
use  at  DoD  facilities. 

5.2  Recommendations 

5.2.1  Applicability 

In  theory,  the  mixed  oxidant  biocide  generation  process  is  applicable  to 
most  open  recirculating  cooling  towers.  These  disinfection  systems  are 
available  in  sizes  that  generate  2.5  -  1,000  lb  of  free  available  chlorine  per 
day.  The  units  demonstrated  in  this  project  generate  2.5  -  4  lb  per  day  for 
each  of  three  small  cooling  towers,  ranging  from  96  -  180  tons.  When  the 
full  data  collection  period  is  complete  and  the  data  have  been  analyzed, 
ERDC-CERL  will  develop  guidance  for  effective  application  of  the  technol¬ 
ogy  to  open  recirculating  cooling  towers  at  DoD  installations. 

5.2.2  Implementation 

The  following  DoD  criteria  documents  cover  water  treatment  in  cooling 
towers: 

1.  UEC  3-410-02N  “Heating,  Ventilating,  Air  Conditioning,  and  Dehumi- 
difying  Systems”,  8  Jun  2005 

2.  UEGS  23  64  26  “Chilled,  Chilled-Hot,  and  Condenser  Water  Piping 
Systems” 

It  is  recommended  that  both  documents  be  updated  to  include  the  mixed 
oxidant  technology  for  control  of  microbiological  growth.  Based  on  the 
preliminary  results  of  this  demonstration,  the  following  change  is  recom¬ 
mended  for  UEC  3-410-02N,  section  7.2. 1.3,  “Water  Treatment”: 
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7.2.1.3  Water  Treatment.  Selection  of  a  water  treatment  system  is 
based  on  analysis  of  makeup  water  and  its  anticipated  contribution 
to  internal  corrosion  and  scale  formation  in  distribution  piping  and 
heat  transfer  equipment,  both  of  which  will  affect  system  efficiency 
and  capacity.  Obtain  services  of  a  water  treatment  specialist  to  per¬ 
form  a  water  analysis,  if  not  available  at  the  site,  and  to  make  spe¬ 
cific  recommendations  on  type  and  quantity  of  chemicals  used. 
Coordinate  the  decision  on  type  of  chemicals  specified  with  the  lo¬ 
cal  environmental  program  manager  to  ensure  chemicals  can  be 
properly  handled  and  disposed  of  and  that  pollution  control  regula¬ 
tions  are  properly  addressed.  Consider  the  use  a  system  which  ge¬ 
nerates  chlorinated  biocide  on-site  from  sodium  chloride  (table 
salt).  This  type  of  system  will  eliminate  the  need  for  purchasing  and 
storing  hazardous  chlorine  or  hypochlorite  solution  at  the  site,  and 
the  problem  of  degradation  of  these  solutions  in  storage. 

The  following  change  is  recommended  for  UFGS  23  64  26,  section  2.11.6, 

“Condenser  Water,”  to  be  added  as  a  note  to  the  designer  immediately  be¬ 
fore  the  last  sentence: 

Onsite  generation  of  a  mixed-oxide  treatment  for  the  control  of  mi¬ 
crobiological  growth  in  open  recirculating  cooling  towers  shall  be 
considered  as  a  replacement  for  conventional  chlorination  methods 
where  feasible  in  order  to  reduce  fouling  of  the  tower  and  basin, 
which  is  associated  with  both  corrosion  and  a  reduction  in  energy 
efficiency. 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 


1.  STATEMENT  OF  NEED 

PROBLEM  STATEMENT:  The  Army  Installation  Management  Agency  (IMA)  and  the 
Army  Chief  of  Staff  for  installation  Management  (ACSIM)  consider  the  deterioration  of 
heating  and  cooling  systems  to  be  the  #1  priority  facility  corrosion  problem  due  to  the 
critical  nature  of  heating  and  cooling  sen/ices  especially  in  severe  environments. 
Providing  heating  and  cooling  to  DoD  facilities  is  critical  to  mission  execution. 

Personnel  must  be  provided  with  a  reasonable  training,  working,  and  living  environment, 
and  mission  critical  electronic  hardware  like  the  flight  simulators  at  Fort  Rucker  must  be 
kept  at  proper  operating  temperatures.  Maintaining  effective  heating  and  cooling  is 
critical  at  every  installation. 

Fort  Rucker,  for  example,  has  experienced  critical  problems  with  corrosion  of  boilers 
and  cooling  towers.  The  expected  service  life  of  this  equipment  is  30  years.  At  Fort 
Rucker,  cooling  towers  are  replaced  after  7  to  12  years  These  problems  are  common 
to  most  Army  facilities  and  Navy  and  Air  Force  installations  as  well.  This  is  a  tri-service 
priority  problem 

Fort  Wainwright  has  experienced  significant  corrosion  related  failures  and 
environmental  problems  associated  with  closed  loop  heating  systems.  These  systems 
require  the  use  of  an  anti-freeze  as  well  as  corrosion  inhibitor.  Failure  of  the  heating 
system  can  severely  impact  the  training  and  mission  as  well  as  other  mission  critical 
operations. 

IMPACT  STATEMENT: 

Winter  boiler  failure  can  displace  residents  from  their  homes  and  workplaces.  Hot  water 
boilers  provide  water  for  cleaning  and  sanitation,  food  preparation,  and  shower  facilities 
This  demand  is  year  round.  Cooling  interruption  can  also  impact  training  and  other 
critical  missions  and  capabilities,  which  can  have  an  adverse  effect  on  the  U  S.  Army's 
and  other  armed  forces  such  as  the  Navy  and  Marine  Corps  (who  also  utilize  these 
facilities  for  certain  mission  training  and  simulation  profiles).  Their  ability  to  successfully 
execute  certain  missions  could  be  vital  to  the  national  defense. 

Safety  and  environmental  impact  are  also  major  concerns  for  outdated  systems  with 
poor  chemical  control  of  toxic  treatment  chemicals.  The  demonstration  of  new, 
emerging  technologies  environmentally  friendly  water  treatment  formulations  and  the 
development  of  up-to-date  selection  guidance  are  necessary  to  help  DoD  installations 
be  “smart  buyers"  of  water  treatment  for  new  and  existing  heating  and  cooling  systems. 

DoD  heating  and  cooling  plants  fail  prematurely  due  to  corrosion,  scaling,  and  biological 
growth  in  boilers,  cooling  towers,  and  distribution  systems.  These  problems  are 
especially  aiticai  in  severe  environments,  where  there  are  high  demands  on  heating 
and  cooling  systems.  Prior  to  failure,  the  equipment  is  impacted  by  interruption  of 
heating  and  cooling  sen/ices,  reduced  heating  and  cooling  efficiency  and  increased  cost 
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due  to  reduced  flow  though  pipes,  reduced  heat  transfer  in  boilers  and  condensers,  and 
component  failures.  Preventative  treatments  for  these  problems  are  based  upon 
chemical  compounds  that  are  most  often  toxic  and  environmentally  persistent. 

Manufacturers  continue  to  introduce  new  chemicals  and  treatment  programs  onto  the 
market,  and  old  products  have  been  discontinued.  Many  manufacturers  claim  that  the 
new  chemical  and  treatments  are  more  environmentally  friendly  and  safer  for  the  plant 
workers  and  the  users.  Current  and  consistent  guidelines  for  chemical  treatment  are  not 
available,  and  current  guidelines  are  not  always  implemented  as  recommended.  Poor 
treatment  has  resulted  in  reduced  system  reliability  and  efficiency,  increased 
maintenance  needs  and  shortened  service  life  of  components  and  systems.  Indirect 
costs  for  heating  and  cooling  loss  can  be  great  when  facilities  and  housing  areas  must 
be  closed  or  work  days  shortened. 

If  this  project  is  not  funded,  boilers  and  cooling  towers  will  continue  to  deteriorate  at  an 
accelerated  rate  and  fail  prematurely  Premature  failure  of  boiler  and  cooling  tower 
components  will  continue  to  impact  training  and  mission  execution,  as  well  as 
readiness. 

2.  PROPOSED  SOLUTION 

TECHNICAL  DESCRIPTION:  A  new  chemical  formulations  for  heating  and  cooling 
systems  have  recently  been  introduced,  most  notably  in  the  areas  of:  environmentally 
friendly,  or  "green”  chemical  formulations  such  as  the  MlOX  mixed  oxidant  process  and 
glycol  alternatives  for  treating  boiler  and  cooling  systems  combined  with  smart 
monitoring  and  control  systems  that  use  just  enough  chemicals,  when  needed  to 
maintain  optimal  treatment  levels  for  corrosion,  scale,  and  microbiological  growth.  In 
this  context,  "environmentally  friendly”  formulations  are  those  that  have  low  toxicity,  are 
biodegradable,  are  safe  and  low  cost  to  dispose  of  when  spent,  and  whose  production 
has  minimal  negative  environmental  impact.  Two  new  chemical  treatment  approaches 
combined  with  smart  monitoring  and  control  system  will  be  Implemented, 

MlOX  Mixed  Oxidant  Process:  A  new  disinfectant  process  has  been  developed  to 
replace  chlorination  in  cooling  water  systems.  The  MlOX  process,  manufactured  by  the 
MlOX  Corporation  in  Albuquerque,  NM,  replaces  chlorine  gas  and  bulk  bleach 
disinfecting  systems.  The  process  eliminates  biofouling  and  reduces  corrosion  and 
scaling.  Existing  biofilm  is  removed,  and  micro-biologically-induced  corrosion  and 
corrosion  due  to  sulfate-reducing  bacteria  are  greatly  reduced. 

The  mixed  oxidant  technology  processes  salt  and  water  in  an  electrolytic  cell  to 
generate  the  disinfectant  solution  on-site.  There  are  several  advantages  to  this  process 
over  the  use  of  bulk  chemicals: 

•  No  hazardous  chemicals  are  used,  stored,  or  produced 

•  Regulatory  requirements  for  risk  management  plans,  hazmat  training,  etc.  are 
eliminated 

•  No  degradation  of  disinfectant  solution  as  it  sits  in  storage 
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•  Reduced  corrosion,  as  the  oxidant  does  not  off-gas  at  normal  operating 
temperatures 

•  Free  chlorine  concentration  of  <1%  is  classified  as  non-hazardous 

This  technology  was  developed  by  the  Los  Alamos  Technical  Associates  (LATA)  in  the 
1980's  in  response  to  the  Army's  solicitation  for  a  simple,  portable  alternative  water 
purification  system.  In  addition  to  cooling  towers,  the  technology  can  be  scaled  for  use 
in  swimming  pools,  wastewater  treatment,  and  hand-held  units  for  field  disinfection  of 
potable  water 

This  technology  will  be  implemented  at  3  cooling  towers  at  Fort  Rucker 

For  both  the  heating  and  cooling  systems  applications  quality  corrosivity  and  smart 
monitoring  and  control  system  applications  will  be  installed  to  continuously  monitor  the 
water  into  the  system  exactly  when  needed  and  in  the  amount  required. 

The  automated  system  reduces  the  manual  analysis  and  chemical  handling  currently 
required  with  most  systems,  and  results  in  the  uniform  treatment  for  cooling  towers, 
consistent  protection  against  corrosion,  scale,  and  microbiological  grovMh,  and  a 
cleaner,  safer,  and  more  environmentally  friendly  treatment  approach. 

Taken  together,  the  non-hazardous  MIOX  mixed  oxidant  process  and  the  smart  control 
systems  result  in  a  longer,  energy  efficient  service  life,  lower  life  cycle  cost  operating 
costs,  increased  safety  and  reduced  risk  of  environmental  contamination. 

The  smart  monitoring  and  control  system  will  be  implemented  on  the  cooling  systems  at 
Fort  Rucker. 

Glycol  Alternative:  A  low  toxicity,  more  efficient  coolant  has  been  developed  to 
replace  ethylene  and  propylene  glycols  in  closed  loop  chillers  and  heat  transfer 
applications  in  extreme  environments.  CP  Therm,  formerly  known  as  Enviro-Kool,  is 
marketed  by  CPI  Engineering  Services,  Midland,  Michigan.  This  new,  high  performance 
fluid  has  operating  temperatures  ranging  from  -70^F  to  300'F.  Its  high  thermal 
conductivity  improves  heat  transfer  capacity  compared  to  glycol/water  systems.  Heat 
transfer  efficiency  can  be  increased  by  20  =  30%  compared  to  glycol/water  mixtures. 

The  products  low  viscosity  at  low  temperature  (Figure  1.)  reduces  the  energy 
requirements  for  pumping,  allowing  the  use  of  smaller  pumps  and  resulting  in  cost 
savings 

The  product  is  non-toxic,  non-flammable  and  biodegradable.  It  has  a  very  low 
biochemical  oxygen  demand  (BOD),  which  reduces  the  risk  of  fish  kills  in  case  of 
accidental  discharge.  CP  Therm  is  not  an  air  pollutant  like  glycols,  and  it  is  safe  for  skin 
contact.  It  is  delivered  ready  to  use  as  a  direct  glycol  replacement  without  any 
equipment  modifications.  It  is  formulated  with  a  specially  designed  corrosion  inhibitor. 
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Figure  1.  Viscosity  of  Glycols  and  the  Enviro-Kool  Replacement 

At  Fort  Wainwright,  the  boilers  at  the  Central  Heat  and  Power  Plant  are  coal  fired  and 
produce  steam  at  400  psi  to  feed  the  turbines  to  produce  electricity.  The  boiler  water  is 
treated  with  a  recently  installed  filtration  and  reverse  osmosis  system  to  remove  all 
contaminants.  Steam  is  removed  from  the  turbines  at  1 00  psi  and  distributed 
throughout  the  post  for  comfort  and  water  heating.  Within  each  building,  the  steam  is 
used  through  exchangers  to  heat  glycolAwater  mixes  which  are  pumped  through  the 
buildings  for  heating.  The  primary  purpose  of  the  glycol  mixture  is  its  freeze  protection, 
and  the  secondary  purpose  is  corrosion  protection. 

The  CP  Therm  product  will  be  used  at  the  building  heating  level  to  replace  the 
glycol/water  mix  in  8  to  10  building  heating  systems  at  Fort  Wainwright,  depending  on 
the  size  and  site  factors.  It  will  also  be  implemented  in  5  to  7  closed  loop  chiller 
systems  at  the  U.S.  Military  Academy  at  West  Point,  depending  on  size  and 
configuration  in  a  less  severe  environment  then  Fort  Wainwright. 

Implementation  of  these  projects  is  projected  to  show  a  return  on  investment  ratio  of 
10.34,  and  realize  savings  of  $15.5  M. 

TECHNOLOGY  MATURITY;  The  formulations  for  non-hazardous  water  treatments  and 
smart  control  systems  for  heating  and  cooling  are  mature.  The  smart  control  system 
has  been  developed  and  field  tested, 

RISK  ANALYSIS:  This  is  a  low  risk  project,  as  the  treatment  formulations  and  smart 
control  system  are  commercially  available  from  multiple  manufacturers.  Small-scale, 
preliminary  field  trials  of  the  non-hazardous  formulations  were  successfully  completed. 
Also,  the  sites  for  implementation  of  this  project  have  been  coordinated  with  Mr.  Tommy 
Baldwin  and  Mr.  Ray  Schroeder  at  Fort  Rucker,  Mr.  Steve  Driver  at  West  Point,  and  Mr, 
Pat  Driscoll  at  Fort  Wainwright. 
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EXPECTED  DELIVERABLES  AND  RESULTS/OUTCOMES:  Across  the  three 
implementation  sites,  the  non-hazardous  inhibitor  formulations  and  smart  monitoring 
and  control  systems  will  be  implemented  in  an  estimated  10  heating  and  10  cooling 
systems  Additional  heating  and  cooling  plants  at  installations  in  the  region  will  be 
inspected  to  assess  the  efficacy  of  installing  the  smart  corrosion  control  system  at  these 
sites.  Specifications  for  non-hazardous  boiler  and  cooling  tower  treatments  and  the 
smart  control  system  will  be  developed,  and  the  systems  will  be  installed.  Training  on 
system  operation  and  maintenance  will  be  provided  to  the  installations.  The  operational 
efficiency  of  the  heating  and  cooling  systems  will  be  determined,  and  downtime  due  to 
corrosion  failure,  safety  and  environmental  impact  will  be  assessed. 

Unified  Facilities  Guide  Specifications  (UFGS),  Engineering  Instructions  (El),  Technical 
Instructions  (Tl),  and  Technical  Manuals  (TM),  including  updates,  along  with  a  final 
report  describing  the  details  of  the  project,  will  be  developed  and  posted  on  the  OSD 
Corrosion  Exchange  website  under  “Spec  &  Standards."  In  addition,  the  draft 
documents  will  be  posted  on  the  ERDC-CERL  Corrosion  Prevention  and  Control 
Program  (CPCP)  website. 

PROGRAM  MANAGEMENT:  The  Project  Manager  will  be:  Vincent  Hock  (ERDC-CERL 
Senior  Researcher  and  Metallurgist).  The  Associate  Project  Managers  will  be:  Ms. 
Susan  Drozdz  (ERDC-CERL)  and  Mr.  Noel  Potts  (ERDC-CERL).  The  stakeholders  will 
be  Mr.  Alan  Carrol  (IMA-PARO),  Mr.  Steve  Jackson  (IMA-SERO),  Mr.  TomTehada 
(USN)  and  Ms.  Nancy  Coleal  (USAF). 

The  customers  are:  Mr.  T ommy  Baldwin  at  Fort  Rucker,  Mr.  Pat  Driscoll  at  Fort 
Wainwright,  and  Mr.  Steve  Driver  at  West  Point. 

Army  ACSIM  will  provide  matching  funds  in  the  amount  of  $1 M  on  this  project.  (See 
attached  Memorandum  for  ACSIM  Director  for  Facilities  and  Housing  in  Appendix  2.) 
Coordination  with  the  Army  Corrosion  Programs  Office  is  with  Mr  Hilton  Mills  (AMC). 

This  is  a  TriService  Project.  Funds  have  been  requested  for  Air  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation.  The 
approach  for  project  performance  will  include  use  of  T ype  I  -In  house,  organic 
capabilities,  and  Type  II  Existing  Contact.  A  Type  II  Existing  Contractual  Agreement  is 
expected  to  be  utilized  for  this  project  two  months  after  receipt  of  funds 

3.  COST/BENEFITS  ANALYSIS  Development  Project  Budget 

a.  Funding  ($K): 


Funding  Source 

OSD 

Matching 

Labor 

310 

360 

Materials/Contracting 

850 

850 

T  ravel 

55 

55 

Report 

35 

35 
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Air  Force/Navy  Participation  50 

TOTAL  ($K)  500  1000 


The  $1  5M  total  budget  is  realistic  and  adequate  for  the  project  scope.  The  budget  has 
been  developed  based  on  a  detailed  needs  assessment  for  the  three  implementation 
sites.  The  project  costs  are  extrapolated  from  ERDC-CERL's  extensive  previous 
experience  in  the  area  of  industrial  water  treatment. 

b.  Return-On-Investment  Computation: 

1)  Projected  Useful  Life  Savings  (ULS)  is  equal  to  the  “Net  Present  Value  (NPV)  of 
Benefits  and  Savings"  calculated  from  the  Spreadsheet  shown  in  Appendix  1  that  is 
based  on  Appendix  B  of  OMB  Circular  A94. 

ULS=  $15,51  OK  (from  0MB  Spreadsheet  in  Appendix  1.  Assumptions  for  this 
calculation  are  also  given  in  Appendix  1) 

2)  Project  Cost  (PC)  is  shown  as  "Investment  Required”  in  OMB  Spreadsheet  in 
Appendix  1,  PC=  $1,500K. 

ULS  $15,51  OK 

Potential  ROI  =  - -  =  -  =  1 0.34 

PC  $  1,500K 

The  calculated  ROI  for  this  project,  which  is  based  on  current  best  practices,  projected 
maintenance  and  rehab  cost,  has  the  potential  to  increase  over  the  multiple  year 
implementation  due  to  reduction  in  down  time,  which  will  result  in  increased  indirect 
savings. 

c.  Mission  Criticality:  The  operational  benefits  of  implementation  of  this  technology  for 
these  mission  critical  systems  are  enhanced  thermal  efficiency,  life  cycle  costs,  lower 
operating  costs,  reliability,  safety,  and  environmental  protection  for  heating  and  cooling 
distribution  systems. 

4.  SCHEDULE 

MILESTONE  CHART 

TIME  (months 
after  receipt 


EVENT  of  funds) 

Award  Contract  2 

Site  Visit  to  Determine  Initial  Operating  Parameters  2 

Install  Smart  Control  System  4 

Begin  Inhibitor  Application  and  Monitoring  5 

Complete  Documentation  (includes  Final 
Report,  Procurement  Specification,  Ad  Fliers) 


24 
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Complete  ROI  Validation  24 

a.  Note:  If  project  is  approved,  bi-monthly  status  reports  will  be  submitted  (i.e. 
starting  the  first  week  of  the  second  month  after  contract  award  and  every  two 
months  thereafter  until  final  report  is  completed).  This  report  will  be  submitted  to 
the  DoD  CPC  Policy  &  Oversight  office.  Report  will  include  project  number, 
progress  summary  (and/or  any  issues),  performance  goals  and  metrics  and 
upcoming  events. 

b.  Examples  of  performance  goals  and  metrics:  include  achieving  specific 
milestones,  showing  positive  trend  toward  achieving  the  forecasted  ROI, 
reaching  specific  performance  quality  levels,  meeting  test  and  evaluation 
parameters,  and/or  successfully  demonstrating  a  new  system  prototype. 

Development  Project  Schedule 

This  project  to  implement  non-hazardous  corrosion  inhibitors  and  a  smart  control 
system  on  heating  and  cooling  plants  will  be  completed,  including  final  report,  within  18 
months.  The  goals  of  the  project  are:  improving  the  reliability  and  reducing  the 
cost  of  operating  and  maintaining  boilers  and  cooling  towers  by  using  non- 
hazardous  corrosion  inhibitors  and  a  smart  control  system.  The  objective  is 
proper  design  and  installation  of  the  chemical  feed  and  control  system,  and 
continuous  operation  and  chemical  feed.  Detailed  milestones  are  given  in  the 
schedule  section.  Implementation  of  the  chemical  treatment  system  will  be 
accomplished  by  Contractors.  ERDC-CERL  will  provide  overall  management,  contract 
monitoring  and  provide  bi-monthly  reports.  Existing  contract  mechanisms,  such  as  IDIQ 
and  BAA  will  be  used,  ERDC-CERL  will  be  able  to  award  the  contracts  within  60  days  of 
receipt  of  funds.  The  schedule  has  been  coordinated  with  Fort  Rucker,  Fort  Wainwright 
and  West  Point.  Potential  contractors  have  been  identified. 

5.  IMPLEMENTATION 


a.  Transition  approach:  Unified  Facilities  Guide  Specifications  (UFGS), 
Engineering  Instructions  (El),  Technical  Instructions  (Tl),  and  Technical  Manuals 
(TM),  including  updates,  along  with  a  final  report  describing  the  details  of  the 
project,  will  be  developed  and  posted  on  the  OSD  Corrosion  Exchange  website 
under  “Spec  &  Standards"  and  “Facilities  SIG.”  In  addition,  the  draft  documents 
will  be  posted  on  the  ERDC-CERL  Corrosion  Prevention  and  Control  Program 
(CPCP)  website.  Coordination  with  potential  users  will  be  an  essential  part  of  the 
transition  of  the  technology. 

It  is  the  intent  of  the  Project  Management  Plan  (PMP)  to  implement  this  corrosion 
prevention  and  control  technology  at  multiple  regions  and  installations  over  the 
next  4  years.  The  UFGS,  Els,  TIs,  and  TMs,  including  updates  to  existing 
guidance  documents,  developed  for  Army-wide  implementation  during  the  FY06 
project,  will  be  utilized  to  facilitate  the  planned  implementation  over  the  next  4 
years. 
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b.  Potential  ROI  validation:  ROI  will  be  validated  by  comparison  of  operating 
parameters  for  the  boilers,  cooling  towers,  and  distribution  systems  before  and 
after  the  installation  of  the  smart  control  system  and  non-hazardous  corrosion 
inhibitors  during  the  first  two  years  of  implementation.  In  subsequent  years,  the 
extension  of  useful  and  energy  efficient  sen/ice  life  of  the  heat  distribution  system 
will  be  used  to  calculate  the  ROI.  The  ROI  will  be  validated  by  an  impartial 
NACE-certified  Corrosion  Expert  such  as  John  Fitzgerald  (Past  President  of 
NACE)  or  similarly-qualified  person  suggested  by  NACE  Headquarters. 

c.  Final  Report:  A  final  report  will  be  written  60  days  after  the  project  is 
completed.  The  report  will  reflect  the  project  plan  format  as  implemented  and  will 
include  lessons  learned. 

Projected  Benefits 

Based  on  the  past  record  of  demonstrating  these  technologies  at  Army  installations, 
advanced  non-hazardous  chemical  treatments  and  a  smart  control  system  would 
provide  the  benefits  of  maintaining  optimum  operating  conditions  for  boilers  and  cooling 
towers,  as  well  as  reduced  maintenance  and  increased  safety.  Downtime  of  heating 
and  cooling  systems  has  a  significant  impact  on  mission  execution. 

Operational  Readiness 

The  non-hazardous  inhibitors  and  smart  control  system  technologies  are  commercially 
available  and  ready  for  implementation  as  solutions  to  the  corrosion  problems  of  the 
heating  systems  at  the  three  sites.  Based  on  previous  experience,  this  project  will 
enhance  the  performance,  reliability  and  safety  of  the  heating  and  cooling  plants. 

Management  Support 

This  project  enjoys  the  support  of  the  Fort  Rucker,  Fort  Wainwright  and  West  Point 
DPW  Offices,  specifically,  Tommy  Baldwin  at  Fort  Rucker,  Mr.  Pat  Driscoll  at  Fort 
Wainwright,  and  Mr.  Steve  Driver  at  West  Point  HQ-IMA  and  HQ-ACSIM  are 
supporting  this  project,  as  shown  on  the  coordination  sheet.  Moreover,  the  Army  (HQ- 
IMA)  has  planned  to  provide  matching  funds  (S1 ,000K  for  this  project)  for  FY06,  &e 
attached  Memorandum  from  ACSIM  Director  for  Facilities  and  Housing  in  Appendix  2. 
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6.  COORDINATION  SHEET 

ORGANIZATION 

Associate  Project  Manager 
Project  Manager 
ERDC/CERL  Branch  Chief 
FI.  Rucker  DPW  POC 
Ft.  Wainwright  DPW  POC 
U.S.  Military  Academy  DPW  POC 
IMA  Southeast  Region 
IMA  Northwest  Region 
IMA  Northeast  Region 
HQ  IMA 
HQ  ACSIM 
HQ  AMC 

Tri  Service  Facilities  WIPT  Chair 


SIGNATURE  DATE 


This  is  a  Tri-Service  Project.  Funds  have  been  requested  for  Air  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation. 


ERDC/CERL  TR-09-28 


All 


09/25/2085  16:42  3342552836 


PAGE  01 


TRI-SERVICE  PROORAM 
ARMY  FACILITIES 


Army  Facllitim 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 

Oraan  Watar  Traattnant  Comblnad  wrltfi  Smart  ManagamanI  Syatam  for  Control  of 
Corrosion,  Scats  and  Biological  Growth  In  Heating  and  Cooling  Systems  (OMA) 


signature  date 


Associate  Protect  Manager 
Project  Manager 
ERDOCERL  Branch  Chief 
Ft  Rucker  DPW  POC 
Ft  Wainwright  DPW  POC 
U  S.  Military  Academy  DPW  POC 
IMA  Southeast  Region 
IMA  PARO  Region 
IMA  Northeast  Region 
HQ  IMA 
HQ  ACSIV 
HQAMC 

Tri  Service  FacBities  WIPT  Chair 


This  is  a  Tri-Service  Project  Funds  have  been  requested  for  Air  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation. 
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Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Blolooical  Growth 
in  Heating  and  Cooling  Systems 

Army  Facilities 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 

Green  Water  Treatment  Combined  with  Smart  Management  System  for  Control  of 
Corrosion,  Scale  and  Biological  Growth  In  Heating  and  Cooling  Systems  (OMA) 

6.  COORDINATION  SHEET 

ORGANIZATION  SIGNATURE  DATE 

Associate  Project  Manager  _  _ 

Project  Manager  _ _  _ 

ERDC/CERL  Branch  Chief  _  _ 

Ft.  Rucker  DPW  POC  _  _ 

Ft.  Wainwright  DPW  POC  _  _ 

U.S.  Military  Academy 
IMA  Southeast  Region 
IMA  Northwest  Region 
IMA  Northeast  Region 
HQ  IMA 
HQ  ACSIM 
HQAMC 

Tri  Service  Facilities  WIPT  Chair  _ _  _ 

This  is  a  Tri-Service  Project.  Funds  have  been  requested  for  Air  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation. 


/POC 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combinod  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 

Army  Facilities 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 


Green  Water  T reatment  Com  bined  with  Smart  Management  System  for  Control  of 
Corrosion,  Scale  and  Biological  Growth  in  Heating  and  Cooling  Systems  (OMA) 

6.  COORDINATION  SHEET 

ORGANIZATION  SIGNATURE  DATE 

Associate  Project  Manager  _  _ 

Project  Manager  _  _ 

ERDC/CERL  Branch  Chief  _  _ 


Ft.  Rucker  DPW  POC 

Ft.  Wainwright  DPW  POC 

U.S.  Military  Academy  DPW  POC 

IMA  Southeast  Region 

IMA  PARO  Region 

IMA  Northeast  Region 

HQ  IMA 

HQ  ACSIM 

HQAMC 

Tri  Sen/ice  Facilities  WtPT  Chair 


This  Is  a  Tri-Service  Project.  Funds  have  been  requested  for  Air  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 

Army  Facilities 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 

Green  Water  Treatment  Combined  with  Smart  Management  System  for  Control  of 
Corrosion,  Scale  and  Biological  Growth  in  Heating  and  Cooling  Systems  (OMA) 

6.  COORDINATION  SHEET 

ORGANIZATION  SIGNATURE  DATE 

Associate  Project  Manager 
Project  Manager 
ERDC/CERL  Branch  Chief 
Ft.  Rucker  DPW  POC 
Ft.  Walnwright  DPW  POC 
U  S  Military  Academy  DPW  POC 
IMA  Southeast  Region 
IMA  PARO  Region 
IMA  Northeast  Region 
HQ  IMA 
HQ  ACSIM 
HQ  AMC 

Tri  Service  Facilities  WIPT  Chair 


This  is  a  Tri-Service  Project.  Funds  have  been  requested  for  Air  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 

Army  Facilities 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 

Green  Water  Treatment  Combined  with  Smart  Management  System  for  Control  of 
Corrosion,  Scale  and  Biological  Growth  in  Heating  and  Cooling  Systems  (OMA) 

6.  COORDINATION  SHEET 

ORGANIZATION  SIGNATURE  DATE 

Projecl  Manager  _  _ 

ERDC/CERL  Branch  Chief  _  _ _ 

FI.  Rucker  DPW  POC  _  _ 


Ft.  Walnwright  DPW  POC 

U  S.  Military  Academy  DPW  POC 

IMA  Southeast  Region 

IMA  Northwest  Region 

IMA  Northeast  Region 

HQ  IMA 

HQ  ACSIM 


HQ  AMC 

Tri  Service  Facilities  WIPT  Chair 


This  is  a  Tri-Service  Project.  Funds  have  been  requested  for  Air  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation. 
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TRI-3ERV(CE  PROGRAM 
ARMY  FACILITIES 

t'&RRGSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
4Tf>;»!O.Vy«itpr  Tfcahtignl  Combined  with  Smart  Management  System 
!pr-Coi’t>ol  of  Corrosion.  Scale  and  BlolBgir.al  Rmurth 
in  Heating  and  Cooling  Systems 

Army  Facilities 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 


Wilier  Trciitrnent  Combined  with  Smart  Management  System  tor  Control  of 
(.ariiir.irjn.  Scale  and  Biological  Growth  in  Heating  and  Cooling  Systems  (OMA) 

(5.  COORDINATION  SHEET 

.WlSANIZATKyi  SIGNATURE  DATE 

l’(0|i«;t  MciiiaijETr 

I'rtDCJCERL  Brandi  Chid  _ 

ri.  IbicKer  DPW  f’OC  _ 

Ft-  Wnlinvright  L1|->VV  f’OC 

U.S.  Mililiiiy  AcarJemy  DPW  POC  _ 

IMA  Sonthorr'it  Region 
IMA  Neriiiwnid  Region 


IMA  Nort)ii;ast  Region 
HiHMA 
IKIACSIM 
I  to  AMC 


Til  Service  Fncilitien  WIPT  Chair 


I  his  is  n  Tri  Soivice  Project.  Funds  have  been  requested  for  Air  Force  and  Navy 
r.'iifiii  enlallvKi  lo  participate  in  the  evaluation  of  technology  imptemenfalion. 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 

Array  Facilities 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 


Green  Water  Treatment  Combined  with  Smart  Management  System  for  Control  of 
Corrosion,  Scale  and  Biological  Growth  in  Heating  and  Cooling  Systems  (OMA) 


6.  COORDINATION  SHEET 
ORGANIZATION 

Associate  Project  Manager 
Project  Manager 
ERDC/CERL  Branch  Chief 
Ft.  Rucker  DPW  POC  <7-^ 

Ft.  Wainwright  DPW  POC  K  i 

U.S,  Military  Academy  DPW  POC 

IMA  Southeast  Region  1 _ 

IMA  PARC  Region 

IMA  Northeast  Region  i^\ _ 

Tri  Service  Facilities  WIPT  Chair  _ 


HQ  IMA 
HQ  ACSIM 
HQ  AMC 


SIGNATURE 

-ill _ 

kl 


DATE 

i  ^  Jav  or 


j!  1  Stff}-  cr 


~ZS  f 

jth"  .ivKe 

iY  \  pS~ 


This  is  a  Tri-Service  Project.  Funds  have  been  requested  for  Ait  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation 
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ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 

AtTTiy  Facilities 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 

Green  Water  Treatment  Combined  with  Smart  Management  System  for  Control  of 
Corrosion,  Scale  and  Biological  Growth  in  Heating  and  Cooling  Systems  (OMA) 

6.  COORDINATION  SHEET 

ORGANIZATION  SIGNATURE  DATE 


Associate  Project  Manager 
Project  Manager 
ERDC/CERL  Branch  Chief 
Ft.  Rucker  DPW  POC 
Ft.  Wainwright  DPW  POC 
U.S.  Military  Academy  DPW  POC 
iMA  Southeast  Region 
IMA  Northwest  Region 
IMA  Northeast  Region 
HQ  IMA 
HQ  ACSIM 
HQ  AMC 

Tri  Service  Facilities  WIPT  Chair 


4,//s/as~ 


This  is  a  TrI-Service  Project.  Funds  have  been  requested  for  Air  Force  and  Navy 
representatives  to  participate  in  the  evaluation  of  technology  implementation. 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 


APPENDIX  1 

POTENTIAL  ROI  CALCULATIONS  BASED  ON  OMB  CIRCULAR  A94 
West  Point  Chillers 

West  point  operates  15  closed  loop  chiller  systems  with  evaporative  cooling  towers 
The  current  costs  include  hazardous  waste  disposal  and  cleanup  costs  that  are  avoided 
with  the  replacement  products.  West  Point  is  experiencing  corrosion  problems  with  all 
of  these  systems.  The  estimated  costs  for  the  existing  system  and  the  “green 
chemistry"  approach  are  as  follows: 


Current  Annual  Operating  Costs 

$360K 

Average  Annual  Costs  For  Repair. 

Replacement  Of  Components 

$125K 

Total  Baseline  Costs  (Column  B) 

$485K 

Annual  Operating  Costs  of  New  System 
(Column  D) 

$285K 

Benefits/Saving  of  New  System  -  Indirect  Cost 
Avoided*  (Column  E) 

$310K 

*  Indirect  costs  are  the  costs  of  mission  impact  and  alternative  accommodations  made  in  the  event  of  a 
loss  of  heating  or  cooling.  Heating  and  cooling  losses  greatly  impact  the  training  mission,  and 
accommodations  for  providing  alternate  housing  during  heating  or  cooling  failures  can  be  costly 


Fort  Rucker  Cooling  Towers 

Fort  Rucker  maintains  35  cooling  towers,  and  a  similar  number  of  boilers.  The 
operating  budget  for  cooling  towers  is  S690  per  year. 


Current  Annual  Operating  Costs 

$  290K 

Average  Annual  Costs  For  Repair. 

Replacement  Of  Components 

$400K 

Total  Baseline  Costs  (Column  B) 

$690K 

Annual  Operating  Costs  of  New  System 
(Column  D) 

$195K 

Benefits/Saving  of  New  System  -  Indirect  Cost 
Avoided  (Column  E) 

$  125  K 

Fort  Wainwright  Heat  Exchangers  I  Building  Heat  Exchangers 

The  current  operating  cost  includes  waste  disposal  and  cleanup  costs  that  are  avoided 
with  the  glycol  replacement  product.  The  cost  of  the  replacement  product  is  equal  to 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 
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the  cost  of  ethylene  glycol,  and  1 5%  lower  than  propylene  glycol.  The  price  of  the 
glycol  products  varies  with  the  cost  of  crude  oil,  much  as  the  price  of  gasoline  at  the 
pump  The  cost  of  the  replacement  product  is  comparably  stable 


Current  Annual  Operating  Costs 

$  100  K 

Average  Annual  Costs  for  Repair. 

Replacement  Of  Components 

£  40K 

Total  Baseline  Costs  (Column  B) 

$  140  K 

Annual  Operating  Costs  of  New  System 
(Column  0) 

$  100  K 

Benefits/Saving  of  New  System  -  Indirect  Cost 
Avoided  (Column  E) 

$  100  K 

The  OMB  spreadsheets  follow  for  a)  the  total  program,  b)  the  treatment  of  boilers  and 
chillers  at  West  Point,  c)  the  cooling  towers  and  boilers  at  Fort  Rucker,  and  d)  the 
heating  systems  at  Fort  Wainwright.  Spreadsheet  a)  is  simply  the  sum  of  the  values  of 
spreadsheets  b),  c)  and  d) 
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CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 

Green  Water  Treatment  Combined  with  Smart  Management  System 

for  Control  of  Corrosion.  Scale  and  Biological  Growth 

in  Heating  and  Cooling  Systems 


Return  on  Investment  Calculation 


Investment  Required 
Return  on  Investment  Ratio[ 
Net  Present  Value  of  Costs  and  Benefits/Savlngs 


1II.34I 

7.446,220 


r  1.500,01)01 
Percent  I  10346^1 
22,950.096 1  16,510,0751 


A 

B 

C 

O 

E 

F 

Q 

H 

Fului* 

Baseline 

Baseline 

Mev  Sgstem 

New  Sfstem 

Present  Value 

Present  Value 

Total  Present 

Yeai 

Costs 

BenefitstSavi 

ngs 

Costs 

BenefitsISavi 

ngs 

of  Costs 

of  Savings 

Value 

1 

1  315  000 

600.000 

535.000 

SQ3.760 

1729.010 

1168.250 

2 

1.315,000 

600.000 

535,000 

524.040 

1.615.790 

1.091.750 

3 

1.315,000 

600,000 

535,000 

483.780 

V510.155 

1020.375 

A 

1.315.000 

600.000 

535.000 

457.740 

1.411.365 

953.625 

6 

1.315.000 

600.000 

535.000 

427,800 

1.313.050 

891.250 

$ 

1,315.000 

600.000 

535.000 

39$.?80 

1,232.655 

832.875 

7 

1,315.000 

600,000 

505.000 

373,620 

1151.995 

778.375 

8 

1,315,000 

600,000 

535,000 

349.200 

1.076.700 

727.500 

3 

1.315.000 

600,000 

535,000 

326,340 

1,006.215 

679.875 

10 

1.315.000 

600,000 

535,000 

304.980 

940.365 

635.375 

n 

1,315,000 

600,000 

535.000 

265.060 

878.935 

593.875 

12 

1.315.000 

600,000 

535,000 

266.400 

821400 

655.000 

13 

1,315,000 

600.000 

535.00U 

249.000 

767.760 

518.750 

14 

1,315,000 

600,000 

535.000 

232.660 

717.430 

484.750 

IS 

1,315,000 

600,000 

535.000 

217.440 

$70,440 

453.000 

16 

1,315,000 

600,000 

535.000 

203.220 

626.595 

*23.375 

17 

1,315,000 

600,000 

535000 

189.960 

585.710 

395.760 

18 

1,315.000 

600,000 

535,000 

177.540 

547.416 

369.875 

18 

1,315,000 

600.000 

535.000 

165,900 

511.525 

345.625 

20 

1,315,000 

600.000 

535.000 

155.040 

478.040 

323.000 

21 

1,315.000 

600,000 

635  000 

144.900 

446.776 

301876 

22 

1.315.000 

600,000 

535,000 

135.420 

417.546 

282.125 

23 

1,315,000 

600,000 

535,000 

126.540 

390.165 

263.625 

24 

1.315,000 

600,000 

535,000 

118.260 

364.636 

246,375 

25 

1,315,000 

600.000 

535.000 

110.520 

340.770 

230.250 

26 

1,315,000 

600,000 

535.000 

103.320 

318.570 

215.250 

27 

1,315,000 

600,000 

535.000 

96.540 

297.665 

201125 

28 

1.315.000 

600,000 

535.000 

90.240 

278.240 

188.000 

2$ 

1,315,000 

600.00O 

535,000 

84.360 

260.110 

175.750 

» 

1.315,000 

600.000 

535.000 

78.640 

243.090 

164.250 
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Return  on  Investment  Calculation  -  Chillers  at  West  Point 


Investment  Required 


750, pool 


A 

Future 

Year 

B 

Baseline 

Costs 

Return  on  Inves 

Net  Present  Value 
Bene 

C  D 

Baseline  New  System 
Benefits/  Costs 

Savings 

tment  Ratio 

8.44 

Percent 

844% 

f  Costs  and 
fits/Savings 
E 

New  System 
Benefits/ 
Savings 

3,536,480 

F 

Present 
Value  of 
Costs 

9,864,917 

6,328,437 

G 

Present  Value 
of  Savings 

H 

Total  Present 
Value 

1 

485,000 

285,000 

310,000 

266,361 

743,007 

476,646 

2 

485,000 

285,00C 

310,000 

248,919 

694,353 

445,434 

3 

485,000 

285.000 

310,000 

232.646 

648.959 

416.313 

4 

485.000 

285.000 

310,000 

217,427 

606,506 

389,079 

5 

485,000 

285.000 

310,000 

203,205 

566,835 

363,630 

e 

485,000 

285,000 

310,000 

189,886 

529,709 

339,813 

7 

485,000 

285,000 

310,000 

177,470 

495.047 

317,577 

e 

485,000 

285.00C 

310,000 

165,870 

462,690 

296,820 

g 

485,000 

285,000 

310.000 

155,012 

432.401 

277,389 

1C 

485,000 

285.00C 

310,000 

144,866 

404,099 

259,233 

11 

485,000 

285.000 

310,000 

135,404 

377,705 

242,301 

12 

485,000 

285,000 

310,000 

128,540 

352,98C 

226,440 

13 

485,000 

285,000 

310,000 

118,275 

329.925 

211,650 

14 

485,000 

285,000 

310,000 

110,523 

308,301 

197,778 

15 

485,000 

285,00: 

310,000 

103.284 

288.108 

184.824 

16 

485,000 

285.00C 

310,000 

96,530 

269.267 

172,737 

17 

485,000 

285,00C 

310,000 

90,231 

251,697 

161,466 

18 

485,000 

2S5,OOC 

310.000 

84.332 

235.241 

150.909 

IS 

485,000 

285.00C 

310.000 

78,803 

219,818 

141,015 

2C 

485.000 

285,00C 

310.000 

73,644 

205,428 

131,784 

21 

485,000 

285,00C 

310.000 

68.828 

191.993 

123.165 

22 

485.000 

285.000 

310.000 

64.325 

179.432 

115,107 

23 

485,000 

285,00: 

310,000 

60,107 

167,666 

107,559 

24 

485,000 

285.00C 

310,000 

56,174 

156,695 

100,521 

25 

485,000 

285,00C 

310,000 

52,497 

146.439 

93,942 

26 

485,000 

285,00C 

310.000 

49,077 

136,899 

87,822 

27 

485.000 

285,000 

310,000 

45,857 

127,916 

82,059 

28 

485.000 

285,000 

310,000 

42,864 

1 19,568 

76,704 

20 

485,000 

285,000 

310,000 

40,071 

111.77/ 

71,706 

30 

485,000 

285,000 

310,000 

37,449 

104,463 

67,014 
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CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 


Return  on  Investment  Calculation  -  Cooling  Tovi/ers 
at  Ft,  Rucker 


Investment  Required 


500,0001 


Return  on  Investment  Ratio 


15.391 


Percent!  1539% 


Net 

Present  Value  of  Costs  and 

Benefits/Savings 

2,419,697 

10,113,091 

7,693,394 

A 

B 

c 

0 

E 

F 

G 

H 

Future 

Baseline 

Baseline 

New 

New 

Present 

Present  Value 

Total 

Year 

Costs 

Benefits/ 

Savings 

System 

Costs 

System 

Benefits/ 

Value  of 
Costs 

of  Savings 

Present 

Value 

Savings 

1 

125,000 

2 

195,000 

125,000 

3 

690,000 

195,000 

126,000 

159,179 

665,285 

506,106 

4 

690,000 

195,000 

125,000 

5 

690,000 

195,000 

125,000 

581,095 

442,060 

6 

690,000 

195.00C 

125,000 

129,929 

543,035 

413,106 

7 

690,000 

195.00C 

125,000 

121,427 

507,501 

386,074 

S 

690.000 

195,00C 

125,000 

113,490 

474,330 

360,840 

d 

690,000 

195,000 

125,000 

443.279 

id 

690.000 

195,00C 

126,000 

99.119 

414,265 

690,000 

195,000 

125,000 

387.207 

195,000 

125,000 

361,860 

13 

690,000 

195,00C 

125,000 

80,925 

338,225 

257,300 

14 

690,000 

195.000 

75,621 

316.057 

240.436 

15 

690,000 

195,000 

125,000 

70,668 

295,356 

16 

690.000 

195.000 

125,000 

276.041 

17 

690,000 

195,000 

125.000 

61,737 

258.029 

196,292 

IB 

690,000 

195.00C 

125,000 

57,701 

241,159 

183,458 

id 

195,000 

125,000 

53,918 

225,348 

171,430 

2C 

195,000 

125,000 

50,388 

210,596 

160,208 

21 

690,000 

195,000 

125,000 

47.093 

■BEE! 

690.000 

195.00C 

44.012 

183,946 

A 

690,000 

195,000 

125,000 

41,126 

171,884 

130,758 

24 

690.000 

195,00C 

125,000 

38,435 

160,637 

122,202 

29 

690,000 

195,000 

125,000 

35,919 

150.123 

26 

690.000 

195,00C 

125,000 

33,579 

140.343 

27 

690.000 

195,00C 

125,000 

131,134 

99,758 

2? 

690,000 

195,000 

125,000 

29 

690,000 

195,00C 

125,000 

87,172 

30 

690,000 

195,000 

125,000 

25.623 

107,091 

81,468 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 


Return  on  Investment  Calculation  -  Heating  at  Ft. 
Wainwright 


Investment  Required 


250, pool 


Return  on  Investment  Ratio 


7^ 


Percenn 


695% 


Net  Present  Value  of  Costs  and 


A 

Future 

Year 

B 

Baseline 

Costs 

c 

Baseline 

Benefits/ 

Savings 

Benefits/Savings 
D  E 

New  System  New 
Costs  System 

Benefits/ 
Savings 

1,240,870 

F 

Present 
Value  of 
Costs 

2,978,088 

1,737,218 

G 

Present 
Value  of 
Savings 

H 

Total  Present  Value 

1 

100.000 

130.844 

2 

100,000 

87.34C 

209,616 

122.276 

3 

100,000 

81,63C 

195,91:^ 

114.282 

A 

100,000 

76,290 

183,096 

106.806 

5 

ioo,ood 

71,30C 

171.120 

99,820 

e 

100,000 

66,630 

1 59,91  d 

93,282 

7 

ioo,ood 

62.27G 

149.448 

87,178 

8 

ioo,ood 

■EEB 

58,20C 

139,680 

S1.48C 

& 

100,00C 

54,390 

130,536 

76,146 

1C 

100,000 

50,830 

121,992 

71.162 

11 

100,000 

47.510 

114.024 

66.514 

12 

100,000 

ai'M'M*! 

44,40C 

106, 50C 

62,160 

100,000 

41,50C 

99.600 

58.100 

100,000 

IK’M 

38,7ac 

93.07^ 

54,292 

1£ 

100,000 

36,24C 

86,976 

50,736 

ie 

■niinmii 

33,87C 

81 .28S 

47,418 

■E 

HEtitiliT 

100,00C 

31,66C 

75,98'^ 

44,324 

100,00P 

ai»!*M«i 

29,590 

71,016 

41.426 

1£ 

KffnRfiT 

ioo,ooq 

27,65C 

66,360 

38.710 

2C 

100,000 

25.84C 

36.176 

21 

8 

O 

o' 

o 

KMXMtl 

24,150 

57,960 

33,810 

25 

■miE!!!] 

100,000 

22,570 

31.598 

23 

KETilSir? 

100,00(^ 

■EEB 

21,090 

29,526 

24 

100,000 

19,71C 

27,594 

2£ 

KERIili? 

100,000 

25.788 

26 

^BEfiViTiT 

ioo,oo0 

17,220 

41 ,326 

24,108 

27 

100,000 

■nuittMo 

38,61  q 

22.526 

2G 

■mstita 

100,00C 

■UilMUlll 

36,096 

21,056 

2£ 

HEIililiT 

100,000 

14,060 

33.744 

19,684 

3C 

100,000 

Bin 

31.53d 

18,396 
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TRI-SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 
Green  Water  Treatment  Combined  with  Smart  Management  System 
for  Control  of  Corrosion.  Scale  and  Biological  Growth 
in  Heating  and  Cooling  Systems 


A  3  C  Total 

Opor^e  Repai''  Os&'’*e  Recar  Cperats  Repair 


New  S'jften  Cost 

A  3  C  "ol3  A 


Beno’ti 

e  C  T:tat 


1 

$360  0:0 

$125000  $290,000 

$i::,ooo 

S1X.00: 

2 

$360  XO 

$125000  $290,000 

$i::,ooo 

si::.oo: 

3 

$360  CCO 

$125000  $290,000 

$:::,ooo 

$i:c.oo: 

4 

$360  XO 

$125000  $290,000 

$^vX,000 

jicc.oo: 

5 

$360  CCQ 

$125000  $290,000 

$::;,ooo 

11X.00: 

R 

$360  XO 

$125000  $290,000 

$4::,ooo 

31X.00: 

7 

$360X0 

$125000  $290,000 

$i::,ooo 

JIX.00C 

3 

$360X0 

$125000  $290,000 

$'.::,ooo 

BIX, 00: 

5 

$360X0 

$125000  $290,000 

$6X,000 

51X.00: 

1: 

$360  X0 

$125000  $290,000 

$iX,000 

six.oo: 

11 

$360  XO 

$125000  $290,000 

$£::,ooo 

$icc.oo: 

12 

$360  XO 

$1S000  $290,000 

$iX,000 

jix.oo: 

12 

$560  XO 

$125000  $290,000 

$t:c,ooo 

six.oo: 

14 

k'6o::o 

$125000  $290,000 

$ix,000 

SIX.00: 

15 

$360  XO 

$125000  $290,000 

$i:':,ooo 

$1:0.00: 

15 

$360  CCO 

$125000  $290,000 

$iv:,ooo 

51X.00: 

17 

$360  vy«Q 

$125000  $290,000 

$i:c,ooo 

si::, 00c 

18 

$360  XO 

$126000  $290,000 

$ic:,ooo 

sicc.oo: 

IS 

$360  XO 

$125000  $290,000 

$ic:,ooo 

si::.ooc 

2: 

$360  ::o 

$125000  $290,000 

Kcm 

SIX.00: 

21 

$360  XO 

$125000  $-290,000 

$i::,ooo 

11X.00: 

22 

$360  XO 

$125000  $290,000 

$i::,ooo 

SIX.00: 

22 

$360  XO 

$125000  $290,000 

p-::.m 

si:c-,oo: 

24 

$360X0 

$125000  $290,000 

$i:c,ooo 

SIX.00: 

25 

$360  XO 

$125000  $290,000 

$£-X,lX>0 

SIX, 00: 

25 

$360  XO 

$125000  $290,000 

$t::,ooo 

S1X.00-: 

2? 

$3^0X0 

$125000  $290,000 

$iX,000 

SIX.00: 

28 

$360  XO 

$125000  $290,000 

$i::,ooo 

>ix.ooc 

2S 

$360X0 

$125000  $290,000 

p-zm 

SIX.00: 

3C 

$360  XO 

$125000  $290,000 

p::m 

51X.00: 

S4G.:'X  r,315:G0 
yO.OS  I' ,315:00 
j40.:x  $-,315:00 
;40.?X  $' ,315:00 
$40.XC  $',315:00 
S40,x:  $',315:00 
$40.XC  $',315:00 
S40,:cc  $',315:00 
$4o.:c:  $•  ,315:00 
m,:x  $',315:00 

$40.X)3  $',315C00 
I40.-XC  $',315:00 
140.x:  $',315C00 
540.DX  $',315:00 
540.:o:  $',315:00 
MO.CX  $',315:00 
MO.COC  $',315:00 
54o.:o:  $',315:00 
S4o.:o:  $',315:00 
J40.XC  $',315:00 
S40;X:  $',315:00 
m'JX  $',3i5;oo 
;40.XC  $',315:00 
$40.:::  $',315:00 
S40.XC  $',315C00 
$40.:c:  $',315300 

540.XC  $',315:00 

>40.x:  $',315300 
540.:o:  $',315:00 
$40.x:  $',315300 


$285000  $-95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $^95,000 
$285000  $'95,000 
$285000  $'95,000 
$-285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95^300 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$235000  $'95,000 
$285000  $'95,000 
$285  000  $'95,000 
$285  000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 
$285000  $'95,000 


$12:, 000 

sxo.ox 

$1X,000 

ssco.ox 

$1X,000 

sxo.oc: 

$1X,000 

sxo.ox 

$122,000 

S6CO.OX 

$i2:,ooo 

^oo.ox 

$1X,000 

$e:o.ox 

$1X,000 

^o.ox 

$120,000 

se:o.ox 

$12C,000 

sxo.ox 

$i2:,ooo 

ssco.ox 

$122,000 

SXO.OX 

$12:000 

sxo.ox 

$12:000 

sxo.ox 

$i?:,(»o 

sxo.oo: 

$12:000 

^o.ox 

$1X,000 

S5:q,ox 

$12:000 

$600.0X 

$1X,000 

J5:o.o:: 

$12:000 

5X0.0'X 

$12:000 

sxo.ox 

$1X,000 

S5:u.ox 

$1X,000 

S6CQ,0CC 

$120,000 

S600.0X 

$1X,000 

ScCO.OX 

$120,000 

$eoo.ox 

$1X,000 

55:O.OX 

$12:000 

$xo.ox 

$12:000 

5XO.OD: 

$120,000 

s$co.occ 

S310.CCC  $125:00 
$310.OX  $125:00 
SSIO.CvX  $125X0 
S310.CO:  $125:00 

1310.002  $125C00 

S310.1X):  $125:00 
$3io.x:  $125:00 

solO.uOC  $125^00 
$310.0GC  $125:00 
S310.XC  $125:00 
?310.XC  $125:00 
S310.X2  $125:00 
S3io.cce  $126  :oo 
S310.X3  $125:00 

$3io.:o:  $125:00 
Soio.co:  $125:00 
$310, $126  :oo 
jSIO.XG  $125:00 
$3io.:o:  $125:00 
$3io.ox  $125:00 
J310.X3  $125:00 
5310, XC  $125  ;00 

{SIO.XC  $125:00 
5310.x:  $125:00 
5310, -XC  $125:00 
$3io.-a«  $125:00 
S310.XC  $125:00 
S3io.:o:  $125:00 
;310.x:  $125:00 
S310.CCC  $125:00 


$‘0000u  $535,000 
$'00  000  $535,000 
$-00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$-00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00,000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$■00,000  $535,000 
$'00000  $535,000 
$-00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
$'00000  $535,000 
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APPENDIX  2 


ERDC/CERL  TR-09-28 


A29 


DEPARTMENT  OF  THE  ARMY 

ASSISTANT  CHIEF  OF  STAFF  FOR  INSTALLATION  MANAGEMENT 
EDO  ARMY  PENTAGON 
WASHINGTON  DC  20310-06<10 


2  5  l-iAR  2005 


DAIM-FD 


S:  15  Oct  2005 


MEMORANDUM  FOR  DIRECTOR,  INSTALLATION  MANAGEMENT  AGENCY,  2511 
JEFFERSON  DAVIS  HIGHWAY.  ARLINGTON  VA  22202-3926 

SUBJECT:  FY  06  Army  Corrosion  Control  Program 


1 .  OSD  has  tentatively  allocated  a  total  of  $15  OM  in  FY  06  matching  funds  for 
implementation  of  corrosion  prevention  and  control  projects  for  equipment  and  facilities 
The  enclosed  list  of  Army  projects,  totaling  $13.3M,  will  be  presented  for  approval  to 
OSD  in  April  05. 

2.  The  Army  programming  target  is  not  less  than  $10.0M  of  facility  related  projects  in 
an  effort  to  obtain  a  minimum  of  S5.0M  of  the  OSD  matching  funds.  To  participate  in 
OSD's  funding  augumentation,  HQIMA  will  reserve  $5.0M  in  FY06  OMA  funds,  to  be 
released  to  ERDC-CERL  upon  confirmation  by  this  office  that  OSD  matching  funds  are 
available  Further  instructions  on  the  actual  distribution  of  funds  will  follow  at  that  time. 

3.  POC  for  this  action  is  Mr.  David  N.  Purcell,  or  (703)  601-0371, 
David.Purcell@hqda.army.mil. 


CF: 

DACSIM 
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Appendix  B;  Contractor  Documentation 


WORK  PLAN 

PRIME  CONTRACT:  W9132T-06-D-0001 
06T0158,  TASK  1 


MIOX  MIXED  OXIDANT  PROCESS 


Background:  A  new  disinfectant  process  has  been  developed  to  replace 
chlorination  in  cooling  water  systems.  The  MIOX  process,  manufactured 
by  the  MIOX  Corporation  in  Albuquerque,  NM,  replaces  chlorine  gas  and 
bulk  bleach  disinfecting  systems.  The  process  eliminates  biofouling  and 
reduces  corrosion  and  scaling.  Existing  biofilm  is  removed,  and  micro- 
biologically-induced  corrosion  and  corrosion  due  to  sulfate-reducing  bac¬ 
teria  are  greatly  reduced.  This  technology  is  to  be  demonstrated  at  the 
Corpus  Christie  Army  Depot,  Corpus  Christie,  Texas. 

Contractors:  The  prime  contractor  is: 

Mandaree  Enterprise  Corporation 

812  Park  Drive 

Warner  Robins,  GA 

Phone:  478-329-8233 

Pax:  478-329-8946 

Larry  Cranford 

Senior  Contract  Administrator 

Subcontractors: 

SurTech  Corporation 
PO  Box  90406 

Indianapolis,  Indiana  46290-0406 

317-254-9483 

Pax:  317-254-1344 
www.surtechcorp.com 
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e-mail:  hbrugman@surtechcorp.com 

Principle  Scientist:  Helmut  H  Brugman  -  35  years  experience 
as  a  water  treatment  specialist. 

Subcontractors  to  SurTech  Corporation: 

MIOX  Corporation:  5601  Balloon  Fiesta  Pkwy  NE  Albuquerque,  NM 
87113-2101,  US 

Technicians  and  experience:  One  of  the  following  people  will  be  at  CCAD 
to  help  with  installation  and  startup.  Availability  at  time  of  startup  deter¬ 
mines  who  will  be  sent. 

Kevin  Hoeschen —  Senior  Technician,  has  been  with  MIOX  for  5  years 
working  on  OSG  systems,  both  in  installing,  repair  and  maintaining  of  sys¬ 
tems. 

Terry  Nauman — Has  been  with  MIOX  for  3  years  working  on  OSG  sys¬ 
tems,  both  in  installing,  repair  and  maintaining  of  systems. 

Ernesto  Moreno —  Has  been  with  MIOX  for  over  6  years  as  a  production 
technician,  main  responsibilities  are  to  assemble  and  test  all  equipment. 

Santiago  Tapia— Has  been  with  MIOX  for  1  and  V2  years  as  a  production 
technician,  mains  responsibilities  are  to  assemble  and  test  all  equipment. 

Brian  Hall —  Has  been  MIOX  for  4  months  as  a  production  technician, 
main  responsibilities  are  to  assemble  and  test  all  equipment. 

Steve  Garcia —  Customer  Service  Manager,  has  been  with  MIOX  for  6 
months.  Responsibilities  include  day  to  day  operations,  support  of  cus¬ 
tomer  requests,  logistics  for  service  team. 

Eort  Bend  Services:  13303  Redfish  Lane,  Stafford,  Texas  -  (281)  261-5199. 
This  is  a  full  service  water  treatment  contractor  who  will  monitor  the 
progress  at  CCAD  on  a  regular  basis,  taking  samples,  testing,  installing  and 
removing  corrosion  coupons  and  reporting  to  SurTech  Corp.  Their  service 
representative  is  Curtis  Junge  who  has  35  years  experience.  Mr.  Junge 
will  be  the  on-site  service  representative  for  this  project. 
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Foss  Enterprises:  PO  Box  9781  Woodsboro,  TX  78469.  361-813-0008. 
Foss  Enterprises  is  a  local  mechanical  contractor  that  has  been  in  business 
over  20  years.  The  owner,  Kevin  Foss,  has  worked  on  previous  projects  at 
CCAD.  They  will  assist  in  the  delivery  and  installation  of  the  MIOX  units. 
Kevin  Foss  will  be  responsible  for  electrical,  and  water  line  hookups  from 
each  condenser  water  supply  and  to  each  condenser  water  return.  Vents 
will  be  installed  at  each  machine  room  along  with  the  corrosion  monitor¬ 
ing  equipment. 

Work  to  be  done: 

CCAD:  Needs  to  provide  access  to  the  machine  rooms  at  MR-9, 
MR-95,  Hydraulics,  and  Engine  Test  Cell  13.  The  base  will  need  to  provide 
personnel  to  advise  while  SurTech  will  approve  electrical  hookups,  water 
connections,  and  location  of  roof  vents.  We  will  need  the  following  elec¬ 
trical  connection: 

The  SAL  system  is  configured  for  nominal  220  VAC  single-phase 
power  at  either  50  or  60  Hz.  The  unit  comes  equipped  with  a  NEMA- 
standard  6L-30  male  lug.  While  the  system  operates  at  5A  for  the  SAL-30, 
and  6-7A  for  the  SAL-40,  the  circuit  requirement  for  the  power  outlet  is 
greater  in  order  to  handle  inrush  current  loads.  The  three  SAL  units  re¬ 
quire  20  amp  circuits.  The  units  are  equipped  with  an  integral 
switch/circuit  breaker  that  is  located  on  the  lower  left,  outside  panel  of  the 
control  box. 

MIOX  units  SAL-30  and  SAL-40  will  be  installed  at  MR-9,  MR-95,  and  the 
Hydraulics  Machine  Room.  Engine  Test  Cell  13  will  be  used  as  a  control. 
The  installation  and  operation  manuals  for  the  MIOX  units  are  in  Attach¬ 
ment  1.  We  anticipate  installing  one  SAL  30  at  Hydraulics  and  One  SAL 
40  each  at  MR-9  and  MR-95.  The  SAL  30  can  generate  up  to  2.5  Lbs  per 
day  equivalent  of  free  available  chlorine  and  the  SAL  40  can  generate  up  to 
4.0  Lbs  per  day  of  free  available  chlorine.  The  input  ingredients  are  soft 
water,  sodium  chloride  salt,  and  electricity.  Water  and  salt  are  on  the 
USFDA  GRAS  list  (generally  regarded  as  safe).  The  MSDS  for  the  generat¬ 
ed  mixed  oxidants  can  be  found  on  page  116  the  SAL  Manual.  On  site  ad¬ 
justments  will  be  necessary  to  set  the  flow  needed  at  each  site.  The  free 
available  chlorine  residual  will  be  targeted  initially  for  0.5-1. o  mg/1. 


ERDC/CERL  TR-09-28 


B4 


The  installation  team  will  be  responsible  for  all  parts  of  the  installa¬ 
tion  except  electrical  supply.  The  following  electrical  conditions  are  re¬ 
quired: 

•  Reliable  and  transient  free  power 

•  Proper  grounding 

•  Avoid  ground  loop  conditions 

•  Avoid  power  spikes,  surges,  and  brown-outs 

•  AC  single  phase  and  50  or  60  Hz  power 

•  Dedicated  circuits  for  each  system; 

•  220  VAC  conventional  grounded  3-prong  twist  plug 

•  no  VAC  conventional  grounded  3-prong  plug 

If  the  voltage  variation  to  the  SAL  unit  is  greater  than  plus  or  minus  10 
percent  or  is  subject  to  power  interruptions,  electrical  storms,  nonstan¬ 
dard  grounding,  or  harmonic  effects,  MIOX  Corporation  recommends  in¬ 
stallation  of  a  line  conditioner,  UPS,  or  lightning  arrestor  in  order  to  pro¬ 
tect  the  sensitive  electronics  in  the  control  box.  Line  conditioning 
equipment  is  available  from  most  electrical  supply  stores.  The  warranty 
will  be  void  if  a  system  failure  can  be  traced  to  a  poor  power  source.  If  you 
need  technical  assistance,  please  contact  your  local  distributor  or  MIOX 
Corporation. 

All  MIOX  Corporation  units  require  a  good  earth  ground,  both  for 
personal  safety  and  safety  of  the  unit.  The  surge  protection  devices  inside 
the  unit  are  ineffective  without  a  good  earth  ground.  A  common  point 
earth  is  the  green  wire  in  our  power  cable.  Although  the  equipment  may 
have  both  high  voltage  (no  or  220  VAC)  and  high  current,  it  is  safe  if 
properly  wired  and  installed. 

All  MIOX  Corporation  units  require  a  good  earth  ground.  A  neu¬ 
tral  is  not  a  substitute  for  an  earth  ground.  Electrical  wiring  to 
all  MIOX  Corporation  units  should  he  wired  hy  a  certified  elec¬ 
trician  and  on  a  separate  circuit  from  other  power  devices  such 
as  pumps.  MIOX  Corporation  cannot  he  held  responsible  for 
units  wired  improperly  or  that  fail  to  meet  UL  Standard  for 
Safety  or  National  Electric  Code  (NEC)  requirements.  If  the  unit 
is  improperly  grounded,  the  MIOX  Corporation  warranty  is 
void.  SurTech  will  verify  that  the  electrical  circuit  is  properly 
set  up. 
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SAFETY 

Attachment  2  contains  the  SurTech  Safety  Manual  that  we  use  for  our  em¬ 
ployees  and  contractors.  The  safe  use  and  installation  of  the  MIOX  units  is 
covered  on  pages  57-59  of  the  MIOX  SAL  O&M  Manual  attached  as  At¬ 
tachment  1. 


OPERATING  PARAMETERS 

The  operational  guidelines  and  parameters  for  the  SAL  30  and  SAL  40  are 
listed  on  page  xi  in  the  SAL  O&M  Manual. 


EVENT 


PROJECT  SCHEDULE 

TIME  LINE 


1.  Ship  MIOX  units  to  local  contractor 

2.  MIOX  installer  and  local  contractor 
shipment  to  CCAD  with  equipment 

3.  Installation  and  startup  of  MIOX  Units 

4.  Service  representative  from  Et.  Bend 

5.  Service  representative  thereafter 


24  hrs.  after  plan  approval 
Within  7  working  days  of 

Three  days  required 
Weekly  for  first  month 
Services  or  as  needed 
Every  two  weeks  until 
9/30/08 


6.  Report  presentation 


By  12/01/08 
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DATA  COLLECTION 

On  each  service  visit,  the  on-site  chemical  contractor,  Fort  Bend  Services, 
will  perform  the  following  tests  as  a  minimum  on  each  treated  system  and 
the  control: 

Tower  Water- 

1.  Calcium  Hardness  -  record 

2.  Total  Alkalinity  -  record 

3.  pH  -  7.0-9.0 

4.  Specific  Conductivity-  3500  micromhos  maximum 

5.  Total  Available  Free  Chlorine  -  0.5-1.0  mg/1 

6.  Total  Bacteria  -  1000  CFU 

7.  Inhibitor  Concentration 

8.  Corater  Corrosion  Readings  for  Iron  (3.ompy  max.)  and  Copper  (0.10 
mpy  max.) 

9.  Optional  Tests-  Iron,  Copper 
Makeup  Water- 

1.  Calcium  Hardness  -  Water  softened  by  MIOX  to  0-3  mg/1 

2.  Total  Alkalinity  -  record,  not  significant 

3.  pH  -  7.0-9.0 

4.  Specific  Conductivity  -  record 

5.  Total  Available  Free  Chlorine  -  record 

6.  Total  Bacteria  -  record 

7.  Optional  Tests-  iron,  copper 

Once  per  month  the  on-site  chemical  contractor.  Fort  Bend  Services,  will: 

1.  Remove  and  install  one  copper  and  one  steel  corrosion  coupon  and 
send  removed  coupon  to  the  Illinois  State  Water  Survey. 

2.  Take  water  samples  from  the  makeup  water  and  each  of  the  three  test 
towers  and  the  control  tower  and  send  them  to  the  Illinois  State  Water 
Survey. 


This  testing  program  will  commence  1/1/2008  and  terminate  9/30/2008. 
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SAFETY  HAZARDS 

The  chemical  precursors  for  the  MIOX  process  are  soft  water  and  salt  (so¬ 
dium  chloride).  Both  chemicals  are  generally  regarded  as  safe.  If  a  spill 
occurs  from  the  oxidant  solution  that  is  manufactured  from  the  MIOX 
unit,  it  can  be  washed  away  with  clean  water.  The  operation  and  mainten¬ 
ance  of  the  MIOX  system  will  be  the  responsibility  of  SurTech  Corporation 
and  its  team.  The  system  will  be  checked  weekly  by  one  of  our  team  fol¬ 
lowing  the  initial  startup  for  one  month.  Service  will  be  every  2-4  weeks 
thereafter.  CCAD  operations  personnel  should  have  at  least  one  person 
who  is  generally  familiar  with  the  MIOX  system.  A  CCAD  worker  should 
make  daily  visual  inspections  of  the  system  and  any  concerns  immediately 
called  to  the  attention  of  Curtis  Junge  of  Ft.  Bend  Service  and  Helmut 
Brugman  of  SurTech  Corporation. 


INSTALLATION,  OPERATIONAL  AND  MAINTENANCE 
WARNINGS  AND  CAUTIONS 

•Do  not  pipe  the  water  softener  discharge  contamination  of  the  electrolytic 
cell,  and  dilution  of  the  on-site  oxidant  solution. 

•The  water  softener  should  remain  upright  at  all  times;  otherwise  the  ion 
exchange  resin  can  leak  out  and  cause  a  slipping  hazard. 

•  Oxidant  solutions  that  are  not  stored  in  a  covered  container  will  lose 
their  disinfecting  power  after  30  minutes.  MIOX  solution  that  has  been 
properly  stored  may  be  used  for  disinfection  for  up  to  5  days. 

•If  you  have  excessive  stops  and  starts,  the  on-site  oxidants  will  be  diluted 
with  startup  and  shutdown  flushes.  This  can  be  corrected  by  installing  a 
longer  float  level  sensor. 

•  Do  NOT  use  salt  that  contains  manganese  as  a  contaminant,  rust  inhibi¬ 
tors/iron  removal  agents,  or  free-flowing  agents.  These  will  damage  the 
MIOX  cell.  SurTech  will  provide  the  proper  salt. 

•During  the  first  few  weeks  of  operation,  it  is  critical  to  check  the  MIOX 
system  more  frequently  to  identify  and  solve  site-specific  problems,  fine 
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tune  the  injection  rate,  and  tighten  any  connections  that  may  have  loo¬ 
sened  during  shipping  or  use.  SurTech  will  perform  this  operation. 

•Remember  to  always  add  acids  into  water— NEVER  ADD  WATER  INTO 
ACIDS. 

•Use  rubber  gloves  and  safety  goggles  when  working  with  acids. 

•Do  not  allow  Spears  blue  75  thread  sealant  or  pipe  compound  to  enter  the 
pump  gears. 

•Avoid  excess  water  spray  to  surrounding  equipment. 

OXIDANT  SOLUTION  WARNINGS  AND  PRECAUTIONS 

•  The  on-site  oxidant  solution  is  a  disinfectant— NOT  DRINKING 
WATER— and  therefore  should  NOT  be  consumed  without  diluting  it  with 
water.  On-site  oxidant  solution  is  not  a  desalinization  device  for  making 
fresh  water  from  salt  water,  but  instead  uses  salt  water  in  making  the  on¬ 
site  oxidant  solution  (a  disinfecting  solution). 

•  Do  not  add  other  chemicals  to  the  brine  or  oxidant  tanks. 

ELECTRICAL  WARNINGS  AND  PRECAUTIONS 

•  Normal  precautions  should  be  taken  with  regard  to  electrical  compo¬ 
nents  in  the  vicinity  of  a  water  source.  The  control  box  should  be  discon¬ 
nected  from  the  power  source  before  opening.  SurTech  will  verify  this. 

•  Do  not  defeat  or  tamper  with  electrical  interlocks  or  lockout  mechan¬ 
isms. 

•  All  MIOX  Corporation  units  require  a  good  earth  ground.  A  neutral  is  not 
a  substitute  for  a  proper  earth  ground.  Electrical  wiring  to  all  MIOX  Cor¬ 
poration  units  should  be  performed  by  a  certified  electrician.  The  circuit 
should  be  separated  from  other  power  devices. 


•  SurTech  will  verify  conformance  with  all  electrical  codes  and  standards. 
The  MIOX  Corporation  warranty  is  void  if  codes  and  standards  are  not  fol¬ 
lowed. 
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•  If  the  voltage  variation  to  the  SAL  unit  is  greater  than  plus  or  minus  lo 
percent  or  is  subject  to  power  interruptions,  electrical  storms,  nonstan¬ 
dard  grounding,  or  harmonic  effects,  MIOX  Corporation  recommends  in¬ 
stallation  of  a  line  conditioner,  uninterruptible  power  supply  (UPS),  or 
lightning  arrestor  in  order  to  protect  the  sensitive  electronics  in  the  con¬ 
trol  box. 

HYDROGEN  GAS  WARNINGS  AND  PRECAUTIONS 

•  Any  process  that  involves  electrolysis  of  water  liberates  hydrogen  gas. 
Hydrogen  gas  could  cause  an  explosive  situation  if  ignited  in  an  oxygen 
atmosphere.  Proper  venting  of  the  oxidant  tank  is  mandatory. 

•  Ensure  that  NO  flames  or  ignition  sources  are  in  or  around  the  tank. 
SurTech  will  verify. 

•  Always  assume  hydrogen  is  in  and  around  the  oxidant  tank.  Remove  the 
oxidant  tank  lid  and  vent  the  tank  at  least  one  hour  prior  to  tank  mainten¬ 
ance  and  ensure  that  the  facility  is  adequately  ventilated. 

•  A  liquid  barrier  hydrogen  or  dilution  air  vent  system  is  mandatory.  Sur¬ 
Tech  will  verify  that  all  hydrogen  vent  lines  slope  down  towards  the  oxi¬ 
dant  tank. 

•  Ensure  that  no  valves,  drop  legs  or  P-traps  are  in  the  hydrogen  vent  lines. 
Do  NOT  cross  connect  vent  lines.  SurTech  will  verify. 

•  Ensure  that  oxidant  tanks  are  labeled  properly. 

•  Always  follow  the  plumbing  and  venting  procedures  recommended  by 
MIOX  Corporation.  Consult  MIOX  Corporation  or  an  engineering  profes¬ 
sional  prior  to  making  changes  to  piping  in  oxidant  tanks.  SurTech  will 
approve  all  changes. 
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MlOX  Coipoialion  cer lilies  Ihis  insliurnenl  was  lesled  thoroughly,  inspecled,  and  (ound  lo 
meet  minimum  specilicalions  when  it  was  shipped  (rom  the  lactory. 

MlOX  Corporation  maintains  a  constant  product  Improvement  ixogram  that  may  affect 
design  and/or  specifications.  The  company  reserves  the  right  to  make  these  changes 
without  pior  notice  or  liability.  Portions  ol  the  MlOX  systems  are  covered  by  U.S.  patent. 

It  is  the  responsibility  of  the  operator  to  ensure  that  tlie  MlOX  water  disinfection  unit  is 
properly  operated  in  accordance  with  the  instructions  in  this  manual. 


NOTE:  In  order  to  ensure  optimal  performance  of  fhe 
equipmenf,  MlOX  Corporation  strongiy  recommends  that 
the  operators  of  the  system  read  and  understand  this 
manual  prior  to  Installation  and  use. 


System  Serial  Number(s):  _ 

Cell  Serial  Number(s):  _ 

Installed  by: _ 

Installation  Date:  _ 

Installation  Location:  _  _  _  _  _ 

Manual  Part  Number  102-00054 _ _ 

For  assistance,  contact  your  MlOX  sales  agent  or  MlOX  Customer  Support. 

Name; _ 

Phone:  _  _ 

Fax: 

Email: _ 
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WARNINGS  AND  PRECAUTIONS 


The  foltowing  WARNINGS  and  PRECAUTIONS  must  be  heeded; 

•  On-site  generation  equipment  is  cbssified  by  OSHA  as  Class  I,  Division  2,  Group  B 
equipment.  Ensure  lhal  the  facility  and  Ihe  equipmeni  installation  is  in  conformance  with 
oil  codes  and  standards.  Untrained  persons  should  not  attempt  to  install  or  operate  SAL 
systems. 

•  Ensure  that  all  equipmeni  is  located  in  a  secure  bcalfon  lo  avoid  urrcorrirolled  access  or 
tampering  to  the  unit  or  water  supply. 

OXIDANT  SOLUTION  WARNINGS  AND  PRECAUTIONS 

•  The  on-site  oxidant  solution  is  a  disinfectant— NOT  DRINKING  WATER— and  Ihereloie  should 
NOT  be  consumed  without  diluting  it  with  water.  On-site  oxidant  solution  is  not  a 
desaliriization  device  for  making  fresh  water  from  sail  water,  but  instead  uses  salt  water  in 
making  the  on-site  oxidant  solution  (a  disinfecting  solutfon). 

•  It  is  critical  to  use  the  correct  amount  of  on-site  oxidant  solutfon  in  the  raw  water  in  order 
to  adequately  remove  any  water-borne  microorganisms  that  mruy  cause  illness  or  death. 
MlOX  recommends  consulting  a  professional  for  proper  dose  rates.  II  is  Ihe  operator's 
responsibility  to  ensure  adequate  dosing  and  maintenance  of  a  chlorine  residual  in  the 
water  distribution  system. 

•  Do  not  add  other  chemicals  to  the  brine  or  oxidant  tanks. 


ELECTRICAL  WARNINGS  AND  PRECAUTIONS 

•  Normal  precautions  should  be  taken  with  regard  to  electrical  components  in  the  vicinity 
of  a  water  source.  The  control  box  should  be  disconnecled  from  Ihe  power  source  before 
opening. 

•  Do  not  deteat  or  tamper  with  electrical  interlocks  or  lockout  mechanisms. 

•  All  MlOX  Corporation  units  require  a  good  earth  ground.  A  neutral  is  not  a  substitute  for  a 
proper  earth  ground.  Electrical  wiring  lo  all  MlOX  Corporation  units  should  be  performed 
by  a  certified  electrician.  The  circuit  should  be  separated  from  other  power  devices. 

•  Verity  conformance  with  all  electrical  codes  and  standards.  The  MlOX  Corporation 
warranty  is  void  if  codes  and  standards  are  not  followed. 

•  It  Ihe  voltage  varialiorr  lo  Ihe  SAL  urril  is  greater  than  plus  or  minus  10  percent  or  is  subject 
to  power  interruptions,  electrical  storms,  nonstandard  grounding,  or  harmonic  effects, 
MlOX  Corporation  recommends  installation  ol  a  line  conditioner,  irninlerruptible  power 
supply  (UPS),  or  lighirrirrg  arrestor  in  order  to  protect  the  sensitive  electronics  irr  Ihe  control 
box. 


TIYDROGEN  GAS  WARNINGS  AND  PRECAUTIONS 

•  Any  process  that  involves  electrolysis  of  water  liberates  hydrogerr  gas.  Hydrogen  gas 
coitid  cairse  an  explosive  sitrjation  if  ignited  in  an  oxygen  atmosphere.  Proper  venting  of 
the  oxidant  lank  is  mandalorv. 

•  Ensure  lhal  NO  flames  or  ignition  sources  are  in  or  around  the  tank. 

•  Always  assume  hydrogen  is  in  and  around  the  oxidarri  tank.  Remove  Ihe  oxidant  tank  lid 
and  vent  the  tank  at  least  one  hour  prior  to  tank  maintenance  and  ensure  that  the  facility 
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is  adequately  ventilated. 

•  A  liquid  barrier  hydrogen  or  dilutfon  air  vent  system  is  mandatory.  Ensure  that  all  hydrogen 
vent  lines  slope  down  towards  the  oxidant  tank. 

•  Ensure  that  no  valves,  drop  legs  or  P-traps  are  in  the  hydrogen  vent  lines.  Do  NOT  cross 
connect  vent  lines. 

•  Ensure  that  oxidant  tanks  are  labeled  proiserly, 

•  Always  follow  the  plumbing  and  venting  procedures  recommended  by  MlOX 
Corprotalion.  Consult  MlOX  Corporaibn  or  an  engineering  protessfonal  pior  to  makirrg 
changes  to  piping  in  oxidant  tanks. 


INSTAILATION,  OPERATIONAL  AND  MAINTENANCE  WARNINGS  AND  CAUTION.S 

•  Do  not  pipe  the  water  softener  discharge  contamination  ot  the  electrolytic  cell,  and 
dilution  of  Ihe  orr-sile  oxidarrt  solution. 

•  The  water  softener  should  remain  upright  at  all  times:  otherwise  the  ion  exchange  resin 
can  teak  out  and  cause  a  slipping  hazard. 

•  Oxidant  solutions  that  are  not  stored  in  a  covered  container  will  lose  their  disintecting 
power  after  30  minutes.  MlOX  solution  lhal  has  been  properly  stored  may  tse  used  for 
disinfecfron  for  up  fo  5  days. 

•  If  you  have  excessive  stops  and  starts,  the  on-site  oxidants  will  loe  dilirted  with  startup  and 
shutdown  flushes.  This  can  be  corrected  by  installing  a  longer  floctl  level  sensor. 

•  Do  NOT  use  salt  that  contains  manganese  as  a  contaminant,  rusi  inhibitors/iron  removal 
agents,  or  free-fbwing  agents.  These  will  damage  Ihe  MlOX  cell. 

•  During  the  first  tew  weeks  of  operation,  it  is  critical  to  check  the  MlOX  system  more 
frequently  fo  identify  and  solve  site-specific  poblems,  line  fune  Ihe  injection  rale,  and 
tighten  any  connections  that  may  have  loosened  during  shipping  or  use. 

•  Remember  to  always  add  acids  into  water' — NEVER  ADD  WATER  INTO  ACIDS. 

•  Use  rubber  gloves  and  satety  goggles  when  working  with  acids. 

•  Do  not  allow  Spears  blue  75  thread  sealant  or  pipe  compound  to  enter  the  pump  gears. 

•  Avoid  excess  water  spray  to  sunounding  equipr'nenl. 


A DANGER I 

Indicates  an  Imminently  hazardous  situation  which  requires  immediate  operator 
action  to  avert  impending  personal  Injury,  equipment  damage  or  both. 


AWARNINGj 

Indicates  a  potentially  hazardous  situation  that  could  result  In  death  or  serious  Injury 


ACAUTION 

Indicates  a  potentially  hazardous  situation  that  may  result  In  minor  or  moderate  Injury 

NOTE 


IX 
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Information  that  is  especially  significant  for  understanding,  operating  and  maintaining  the 

equipment 
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OPERATING  GUIDELINES 


^  SAL-30 

SAL-40 

SAL-80 

Rated  Free  Available  CWorIne  (FAC) 
Production 

2.5  Ibs/clay 

1.1  kg/day 

4.0  Ibs/day 

1.8  kg/day 

1 0.0  Ibs/day 
4.5  kg/day 

Rated  FAC  (mg/L) 

3,000  ±15% 

System  Design  Flow  Rate 

Gallons  per  hour  (gph) 

6±  1.5 

8±2 

15  ±6 

Electrical  Service 

220  VAC,  Single  Phase,  2QAnips 
OR 

I  lO  VAC,  Single  Phase,  30Amps 

220  VAC,  Single 
Phase,  30  Amps 

AoDroximate  Volts  to  Each  Cell 

I2  vnc 

Amps  to  Each  Cell 

70±  10%  I  90±  I0%  I  180 ±  10% 

Air  Temperature  Requirements 

35 ■'F-  no^F 

2''C-43°C 

Feed  Water  Temperature 

Req  uirements 

50°F-85  “F 

10°C-29  "C 

Feed  Water  Pressure  Requirements 

25-100  psi 

172  -  689kPa 

Dimensions  per  cell  (W  X  D  X  H) 

29  X  9!4  X  til'A  inches 

74  X  24  X  172  cm 

Shipping  Dimensions  per  cell  (W  X  D 
X  H) 

48  X  42  X  36  inches 
i22x  107x92  cm 

Shipping  Weight  per  cell 

150  lbs 

68  kg 
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ACRONYM  LIST 


AC 

Alternating  Current 

ANSI 

American  Nationai  Standards  Institute 

BOD 

Biochemical  Oxygen  Demand 

COD 

Chemical  Oxygen  Demand 

COP 

Controller  Operating  Properly 

CPVC 

Chbrinated  Polyvinyl  Chloride 

CT 

Concentiation  x  Time 

DC 

DitecI  CurrenI 

FAC 

Free  Available  Chlorine 

HDPE 

High  Density  Polytthylene 

ID 

Inside  Diameter 

MCL 

Maximum  Contaminant  Level 

MCU 

Master  Control  Unil 

NC 

Normally  Closed 

NEC 

Natfonal  Electrical  Code 

NEMA 

Natbnal  Electrical  Manutacturers  Association 

NO 

Normally  Open 

NPT 

Natfonal  Pipe  Thread 

NSF 

Natfonal  Sanilary  Foundation 

OD 

Outside  Diameter 

ORP 

Oxidant  Reduction  Potential 

OSHA 

Occupational  Satety  and  Health  Administration 

PRV 

Pressure  Regulating  Valve 

PVC 

Polyvinyl  Chloride 

PVDF 

PolyVinylidine  DiFluotide 

RMA 

Return  Merchandise  Authorizatfon 

SCADA 

Supervisory  Control  and  Data  Acquisition 

TDS 

Total  Dissolved  Solids 

TOC 

Total  Organic  Carbon 

UL 

Underwriters  Laboratory 

UPS 

Uninterr  uptible  Power  Supply 

xii 
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USEPA 

VAC 

VDC 


U.S.  Environmental  Protection  Agency 
Volts  Alternating  Current 
Volts  Direct  Currenl 
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I.  Introduction 

This  manual  Is  designed  to  provide  installation,  operatfon  and  maintenance 
intormalfon  to  the  water  plant  operator.  Proper  maintenance  of  the  system  will 
increase  cell  life  and  system  performance.  Folbw  all  warning  and  precautions 
when  installing,  operating  and  maintaining  your  MlOX  unit.  Should  advanced 
troubleshooting  be  requTed  to  solve  a  problem,  please  contact  your  MlOX 
customer  service  provider  for  further  assistance. 

1.1.  Regulatory  Compliance 

U.S.  Environmental  Protection  Agency  (US  EPA)  -  On-site  oxidants  are  listed  as  a 
compliance  technobgy  for  water  disinfectbn.  To  be  listed  as  a  compliance 
technology,  the  system  must  be  affordable  and  achieve  compliance  with  the 
maximum  contaminant  levels  (MCLs),  and  the  operator  must  be  capabte  of 
inslallirrg  arrd  reliably  operalirrg  the  technobgy.  The  on-site  oxidanl  category  was 
added  to  Ihis  list  in  1997  primarily  based  on  independent  research  of  Ihe  MlOX 
Corporation  technobgy.  Tire  MlOX  US  EPA  registration  number  is  69723-NM-OOI. 

NSF  International  -  MlOX  Corporation  maintains  a  policy  of  verification  and 
compliance  of  MlOX  Corporatbn  technology  for  water  applications.  All  MlOX 
generators  and  oxidant  tanks  are  NSF/ANSI-61  listed.  This  standard  provides  the 
criteria  used  to  evaluate  the  public  health  safety  ot  materials,  components, 
products,  or  systems  lhal  conlaci  drinking  water,  drinking  waler  chemicals,  or 
both.  The  SAL  series  systems  are  also  NSF/ANSI  50  listed  tor  pools  and  spas.  For 
details  ot  specific  NSF  standards  for  specific  MlOX  Corporation  ec|uipment.  please 
consult  the  MlOX  Corporation.  NSF  listings  can  also  iDe  obtained  tlirough  NSF 
international  at  (800)  NSF-MARK,  or  their  web  site  at  www.nst.org. 

State  Approvals  -  MlOX  Corporation  maintains  a  policy  of  obtaining  state 
regulatory  approval  in  all  stales  where  MlOX  equipment  is  installed  and  operatirrg. 
MlOX  Corporation  has  never  been  Irjrrred  down  tor  approval  in  any  slate.  For  a 
compble  list  of  stales  currently  approving  on-sile  oxidant  technology,  please 
contact  the  MlOX  Corporation. 

List  of  Certifications 

EPA  Registratbn  Number:  69723-NM-OOi 
NSF  Standard  50  for  pools  and  spas 
NSF  Standard  61  lor  all  SAL  systems. 

NSF  Standard  61  lor  oxidant  solution  tanks 


1.2.  Components  of  the  System 
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The  MlOX  system  should  be  installed  by  trained 
technicians.  Alter  installation  and  system  start-up 
the  units  operate  automatically  and  selt-dtagnose. 

The  SAL  Series  systems  are  on-site  oxidant 
generators  (See  Figure  I).  The  difference  between 
the  three  systems  is  the  size  of  the  cell  installed  on 
the  white  PVC  mounting  plate.  The  size  ot  the  cell 
determines  the  amount  of  FAC  generated  per  day: 
the  SAL-30  system  produces  2.5  pounds  (1.1 
kilograms)  FAC  per  day,  the  Sal-40  system  makes  4.0 
pounds  (1 .8  kilograms)  FAC  per  day,  and  the  SAL-80 
system  produces  10.0  lbs.  (4.5  kg)  of  FAC  per  day. 

When  systems  are  linked  the  FAC  produced  per  day 
will  increase  linearly.  For  example,  two  SAL-80 
systems  produce  20.0  (9.0  kg)  pounds  of  FAC  per 
day. 

1.2.1.  Space  Requirements 

An  appropriate  wall-space  must  be 
identified  to  accommodate  the  control  panel  and 
backplates  of  the  SAL-series  systems  wall  mounts 
(see  Figure  3).  Because  the  size  ot  the  cell  does  not  Figure  1.  Typical  SAL  System - 
effect  the  overall  space  requirements,  wall  and  space  cell  size  may  vary 

configurations  for  all  systems  in  the  SAL  series  will  be  the 
same. 

♦  SAL  Series  System  Space  Requirement:  3  ft.  (I  m)  deep  by  9  ft.  (3  m)  wide 

by  6  ft.  (2m)  high 

♦  SAL  Series  Wall  Space  Requirement:  3ff.  (I  m)  wide  by  6  ft.  (2m)  high 

Brine  and  oxidant  tank  wall  space  is  determined  by  tank  size,  but  generally 

consider  3ft.  (tm)  for  each  tank. 

♦  The  system  should  be  installed  on  a  clean  and  level  surface. 


NOTE:  Additional  floor  space  will  be  required  for  a  solution  tank  and  water 
softener  and,  depending  on  the  Installation,  salt  storage.  Additional  floor  space 
will  also  be  required  for  the  Injection  system. _ 


1.2.2.  Security 

Enclosure  and  Security  -  MlOX  systems  must  be  installed  in  a  building  or 
protected  structure  that  provides  shelter  from  the  weather  and  extreme 
temperature  variances,  and  which  can  be  locked  or  otherwise  secured.  Physical 
security  is  required  to  ensure  that  unauthorized  persons  are  denied  access  to  the 
unit. 
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ikWARNINq 


If  fhe  system  Is  not  adequately  secured  from  tampering, 


dangerous  substances  that  cause  Illness  or  death  could  be  Introduced  into  the| 
system. 


1.2.3.  SAl  System  Components 

Tubing  and  Fittings  -  All  tubing  and  fittings  shipped  by  MlOX  Corporation  meet 
Scheduie  40  or  Scheduie  80  specifications.  These  U.S.  specifications  ensure  that 
materkrls  are  rated  for  proper  thickness,  pressure  resistance,  and  temperature 
resistance  (or  the  specific  appliccrtion. 

Water  Filter  (figure  2  A)  and  Brine  Filter  (Figure  2  fi)  -  The  water  and  brine  tilters  are 
the  same  5-micron  external  pleated  cartridge  filters.  The  water  filler  removes  all 
particulate  matter  from  the  water  feeding  the  wafer  softener  white  the  brine  filter 
removes  particulate  matter  from  the  brine  feeding  the  cell.  The  filter  housing  and 
filler  cartridge  are  supplied  by  MlOX  Corporation  and  are  required  lor  system 
operation.  A  10  inch  (0.25  meter)  industry  standard  filler  and  liller  cartridge  are 
supplied. 

Water  Softener  (Figure  2  B)  -  All  MlOX  systems  require  sott  water.  Hard  water  will 
cause  severe  domage  to  the  cell.  Water  hardness  must  be  maintained  at  less 
than  one  grain  (17.i  mg/L).  A  water  softener  extends  the  lite  ot  the  electrolytic 
cell  and  helps  ensure  proper  system  operation.  The  softener  resin  is  recharged 
with  brine  Irom  the  brine  generator.  A  ’A"  check  vatve,  supplied  by  MlOX 
Cotporalion,  should  te  irrstalled  on  the  brine  regerreraliorr  lirre  to  prevent 
backtbw  of  iDrine  to  the  generator.  The  correct  sized  Meter  Disc  should  be 
installed. 

Heater  or  Chiller  -optional  (Figure  2  D  or  E)  -  If  the  feed  water  temperature  is  less 
than  50  °F  (10  °C)  or  greater  than  85  °F  (29  °C),  damage  to  the  cell  will  occur.  A 
waler  heater  or  chiller  should  be  used  to  brir  rg  the  water  temperature  into  range. 

Brine  Tank  (Figure  2  C)  -  Tanks,  with  lids  are  available  in  sizes  ranging  from  55 
gaibns  (208  liters)  lo  1,000  golbns  (3,785  liters).  A  mechanical  ftoat  valve  assembly 
which  monitors  the  brine  tevel  is  inclrrded  with  the  brine  generator. 

Control  Box  (Figure  2  F)  -  The  SAL  system  operates  nominal  on  single-phase,  50  or 
60  Ftz,  220  VAC  electric  power.  The  .SAL-30  and  SAL-40  can  use  1 10  VAC  as  an 
crlterrralive.  The  control  box  houses  Ihe  power  supply,  coniroller,  and  controller 
display  (F'rgure  2  G).  The  electronic  controls  are  designed  to  diagnose  and  adjust 
Ihe  unit  fo  optimum  operating  conditions  or  shut  down  Ihe  system  should  a  laull 
occur.  A  single-phase  surge  arrestor  which  covers  lightning  and  transient  power 
conditions,  is  built  into  the  system. 

Electrolytic  Cell  (Figure  2  I)  -  The  proprietary  membraneless  electrolytic  cell 
produces  cr  mixture  of  oxidants  and  is  manufaclured  by  fhe  MlOX  Corporation. 
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Mounting  Plate  Assembly  (Figure  2  J)  -  The  mounting  plate,  also  referred  to  the 
backplate,  is  pre-assombled  by  MlOX  Corporation.  The  brine  pump,  brine  filler, 
electrolytic  cell  platform,  pressure  switch,  solenoid  valve,  and  pressure  regutating 
valve  are  all  mounled  on  the  PVC  backplate  prior  lo  shipmeril.  The  entire 
assembly  may  be  mounled  on  Ihe  wall  using  Ihe  Unisliul  Support  Instalbibn  Kil 
Fittings.  The  SAL  inslalblion  kit  includes  tour  (4)  pieces  ol  Unistiut,  bolts,  and 
washers. 

Brine  Pump  (Figure  2  S)  -  The  saturated  brine  entering  the  brine  pump  should  be 
(iltered  using  the  brine  filler  described  above.  This  variable  speed  brine  pump 
controls  Ihe  volume  of  brine  entering  Ihe  electrolylic  cell  using  a  0-  to  5-voll  signal 
(rom  the  control  unil.  The  pump  operates  on  24  VDC  power.  A  pimei  bulb  is 
included  in  Ihe  SAL  system  inslallalion  kit  to  assist  in  priming  the  laine  pump. 

Pressure  Switch  -  A  low  pressure  cut-olt  switch  with  ci  20  psi  (138  kPa)  cutoff  point, 
the  pressure  switch  ensures  thcrl  the  teed  pressure  is  within  the  operational 
pressure  range.  The  Pressure  Regulating  Valve  reduces  incoming  fresh  water 
pressure  to  1 5  psi  (103  pKa)  for  optimal  system  performance. 

Solenoid  Valve  (Figure  2  K)  -Tlie  24  VDC  solenoid  valve  opens  lo  allow  fresh  water 
flow  through  the  water  manifold  and  cell. 

On-Site  Oxidant  Solution  Storage  Tank  (Figure  2  Q)  -  The  storage  tank  is  an  integral 
part  of  an  on-site  system,  and  is  sized  to  meet  the  injecfron  demand  at  the  peak 
hourly  flow.  The  oxidant  tank  is  shipped  with  a  drop  tutje  inside  the  oxidant  tank. 
The  oxidant  tank  must  be  vented  directly  to  (he  atmosphere  outside  the  facility  to 
allow  Ihe  escape  of  any  evolved  hydrogen  gases. 

Fach  tank  has  its  own  Oxidant  Tank  Level  Switch.  Ihis  switch  is  used  to  turn  the 
SAL  system  on  when  the  solution  tank  readies  the  pre-set  low  level  and  turn  the 
system  oft  when  the  solution  tank  reaches  the  high  level.  A  switch  with  6"  (15.2 
cm)  between  the  high  and  low  levels  is  standard  equipment.  Switches  with  18" 
(45.8  cm)  between  the  high  and  low  levels  can  be  special  ordered,  as  can 
pressure  transducers  with  relays  and  4-20  MA  outputs  for  SCADA  Interface. 

On-site  Oxidant  Injection  System  (optional)  -  If  Ihe  MlOX  system  is  intended  to 
tuncfron  as  Ihe  source  of  final  disinfection,  it  should  be  installed  at  the  same  point 
as  a  chlorine  disinfection  system.  It  is  necessary  that  the  location  of  the  oxidant 
injection  point  be  such  that  proper  contact  time  Is  achieved.  Nomiolly,  the  MlOX 
solution  requires  the  same,  or  less,  contact  time  as  convenl'tonal  chlorine  systems. 

MlOX  Corporation  offers  injection  systems  that  can  be  conligureci  lo  deliver  Ihe 
oxidcrnls  at  variable  or  fixed  rates  (or  times  of  day)  irrio  storage  lanks  or  directly 
info  Ihe  water  line,  and  Ihe  design  is  tailored  for  site-specilic  mainline  water 
pressure  and  flow.  The  oxidants  may  be  injected  into  the  water  line  by  means  ol 
(I)  Cl  high  pressure  diaphragm  metering  pump,  appropriate  for  variable  fbws,  (2) 
a  venturi  injection  system,  appropriate  for  fixed  flows,  or  (3)  a  centrifugal  feed 
pump,  suilable  for  tow  pressure  points  of  injecfion.  Because  the  makeup  water  for 
oxidant  generation  is  softened  water,  these  systems  are  generally  maintenance- 
free  in  operation.  The  tack  of  calcium  in  Ihe  oxidaril  avoids  cabium  buildup  on 
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pumps  and  injectors — a  problem  common  to  sodium  hypochlorite  or  calcium 
hypochlorite  systems. 
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Figure  2.  Typical  SAL  System  Components 


A:  Frsd  Wo'^orRhor 
li:  Wata"  Soh’ere- 
G:  3fi'ie  Gafie'ulC' 

D:  F©oo  Wc'‘cr  Hoo*cr 
L; '  I'Xit  Vo  V©  Asserrb.y 
F;  Cor^^o■  Rc» 

G:  Kow©’’ Supply.  Coi‘r'0'lef  ore  Ccrtrolier  Disolov 
II:  3t!'Te  R'k#' 

I  Typir.a  F  ©CTOl/ic;  C»l 


S:  Mountr>Q  PIcto  Assoirb./ 

K:Sol©t"icid  Volv© 

L;  F'essure  Rej^u-ullf'g  Valve  one  PiesiOte  Gauge 
M;  Coll  Irlrfh^mowo'l 
N:  Gel  bcM  I’-er-Tnowell 
C:  Rupture  ni5''. 

F:  "-yd-’OQen  ver.t 

Q:  Solu  I  on  S  loicye  *ar* 

P;  Cicot  Rting 
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II.  SAL  System  Installation 


ACAOnON 


SAFETY  PRECAUTIONS  AND  WARNINGS 


^WARNING 


•  On-sile  generation  ec|uipment  is  classified  by  OSHA  as  Class  I,  Divis’ion  2, 
Group  B  equipment.  Ensure  that  the  facility  and  the  ec|uipment  installation 
are  in  conformance  with  all  codes  and  standards.  Untrained  persons 
should  not  attempt  to  install  or  operate  SAL  systems. 

•  Disconnect  power  before  working  on  uirits.  Do  not  reconnect  the  power  to 
the  control  panel  until  installation  is  complete. 


•  Do  not  defeat  or  tamper  with  electrical  interlocks  or  bckout  mechanisms. 

•  All  MlOX  Corporatiorr  units  require  a  good  earth  ground.  A  rreutral  is  jad  a 
substitute  for  a  proper  earth  ground.  Electrical  wiring  to  all  MlOX 
Corporatfon  units  should  be  performed  by  a  certilied  electiiciarr.  The 
circuit  should  be  separaled  from  other  power  devices. 

•  A  passive  hydrogen  vent  system  or  dilution  air  system  is  mandatory.  Ensure 
that  all  hydrogen  vent  lines  slope  down  towards  the  oxidant  tank. 

•  Ensure  that  no  valves,  drop  legs  or  P-traps  are  in  the  hydrogen  vent  lines. 
Do  NOT  cross  connect  vent  lines. 


•  Ensure  lhal  oxidant  tanks  are  labeled  properly. 


Your  MlOX  system  has  been  factory  tested  and  must  be  properly  installed 
by  technicians  trained  by  MlOX  Corporation  or  its  representatives.  This  chapter 
describes  the  procedures  tor  unpacking  and  installing  the  SAL  system  and  auxiliary 
equipmeni,  including  all  requirements  lor  plumbing  and  electrical  lie-ins. 
Specifications  and  conditfons  regarding  electrical  power  to  the  unit,  water  quality, 
water  line  pressure  reqrrirements,  and  other  requirements  for  the  installatfon  of 
your  unit  are  discussed.  Most  of  the  problems  associated  with  start-up  of  a  MlOX 
system  are  related  to  incrdeqrrately  configured  feed  water  strpply,  power  source 
or  poor  salt  qirality. 


1 ACAUTION  j  Untrained  persons  should  not  attempt  to  Install  or  operate  MlOX  systems. 


11.1.  Receiving  and  Unpacking  the  System 

Your  MlOX  syslem  has  been  carefully  packed  to  avoid  shipping  and 
handling  damage.  The  system  modules  are  shipped  in  crated  pallets.  Brine 
generator  tanks,  oxidant  tanks,  water  softeners,  and  other  ancillary  equipment  are 
shipped  on  (xrllets.  Uncrate  the  system  components  and  remove  them  from  the 
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shipping  pailel.  Carefuiiy  inspect  the  system  tor  any  damage  that  may  have 
occurred  as  a  resuit  of  shipping.  After  compieting  a  visual  inspection,  compare 
ordered  items  against  wirat  was  delivered.  Should  you  find  anything  damaged  or 
missing  please  contaci  your  MlOX  sales  ageni  oi  MlOX  Corpotalion  Customer 
Support.  Tire  comporienis  are  about  12"  (30  cm)  wide  and  will  fit  llirougli  a 
standard  door. 

To  safely  unpctck  your  SAL  unit,  complete  the  following  steps. 

1.  Unpack  the  control  box 

The  control  panel  is  packaged  in  its  own  box.  Remove  the  control  panel 
from  the  box.  Sel  the  control  panel  on  a  stable  flat  surface  until  il  is  ready 
to  mount  on  lire  wall. 

2.  Unpack  the  mounting  plate 

The  mounting  plate  and  assembled  components  are  shipped  in  their  own 
box.  Remove  the  mounting  plate  Irom  its  box  and  place  it  on  a  stable  flat 
surface  until  it  is  ready  to  mount  on  the  wall. 

3.  Unpack  the  cell 

The  cell  is  stripped  in  a  specially  designed  box  with  appropriate  paddiirg. 
Check  tire  cell  tor  any  damage  that  occurred  during  shipping.  Save  the 
box  and  ixrdding  materials  for  cell  storage  or  shipping. 

4.  Remove  miscellaneous  contents  from  the  tank(s) 

Remove  lire  contents  from  the  brine  generator  and  oxidant  storage  tanks. 
Al  a  minimum,  these  items  include  lire  installation  kit,  the  solution  lank  level 
switch,  the  softener  instalbtion  kit,  and  the  solution  tank  drop  tube.  The 
components  for  installing  a  hydrogen  ventilation  system  should  also  be  in 
the  tank.  After  removing  these  items,  inspect  the  strainers  inside  the  brine 
generator  tank  to  be  sure  they  are  not  damaged.  If  there  are  no  stroiners. 
they  may  have  broken  oft  during  shipment.  If  installing  the  replacement 
strainers,  fist  ensure  that  the  titling  is  not  blocked  by  broken  parts.  Also 
inspeci  Ihe  tbal  vaivs  lube  lo  be  sure  il  has  nol  been  damaged  during 
shipment. 

5.  Unpa  ck  the  water  softener 

Remove  the  water  softener  towers  trom  ther  packaging.  Do  not  turn  the 
softeneis  over  or  by  them  on  their  sides,  as  this  will  disturb  the  sottenirig 
resin  and  gravel  beds  inside  the  sotterrer  and  atfect  softener  perfornrarice. 
The  water  softener  meterirrg  disc  is  installed  at  the  factory  |3rior  to  shipment. 

i.  Unpack  all  other  equipment 

Remove  any  optional  comtxrnents  (heaters,  chillers,  injectton  systems,  etc.) 
from  Ihei  packaging  and  inspeci  for  damage. 

11.2.  Hardware  Installation  Required  for  Start-up 

The  system  is  designed  to  mount  against  a  wall.  Tine  unit  should  be  located 
so  that  it  is  near  the  power  receptacle  and  allow  enough  room  on  Ihe  left  s'rde  for 
Ihe  water  softener  to  sit  on  Ihe  floor  nexi  to  Ihe  unit.  Do  nol  fill  Ihe  brine  generator 
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with  salt  until  the  installation  is  complete.  It  the  system  needs  to  be  moved  during 
installation  for  some  reason,  it  will  be  very  difficult  to  move  with  salt  in  the  tank. 

A  single  SAL  unil  includes  one  electrolytic  cell,  one  conirol  box,  and  one 
mounling  backpktte.  Wlien  multiple  systems  are  linked  togelher,  lliey  may  ulilize 
the  same  water  source,  water  softener,  brine  generator  and  oxidant  tank.  It  is 
possible  to  purchase  dual  tanks  or  softeners  to  provide  redundancy. 

11.2.1.  Mounting  the  Control  Panel 

Mounling  Ihe  conirol  panel  lo  Ihe  wall  will  requBe  two  people,  one  lo  hold  the 
panel  in  position,  and  another  lo  make  Ihe  connections.  The  control  panels  are 
mounted  via  four  bolt  holes  in  the  back  corners  of  the  conirol  ixinels.  Tire  control 
panel  can  be  mounted  directty  to  the  wall,  or  can  be  mounted  on  Unistrut.  Be 
sure  to  drill  apiTOpriate  holes  in  the  wall  and  use  the  proper  hardware  for  the 
mounting  configirration  ot  choice.  The  configurolion  will  depend  upon  the 
constructfon  of  the  wall.  The  wall  material  should  be  ol  sufficient  strength  to  hold 
Ihe  control  parrel,  which  weighs  up  to  50  pounds  (22.7  kg|.  MlOX  Corporation 
recomrnerrds  Ihe  following  melhods: 

1 )  Wood  screws  to  mount  lo  a  wor^den  stud  wall 

2)  Toggle  bolts  for  a  holbw  wall  such  as  cinder  block  or  paneling 

3)  Expansion  anchors  tor  concrete 

Unistrut  is  provided  in  the  SAL  system  installation  kit  and  should  be  mounted 
horizontally  on  Ihe  back  ot  the  conirol  panels.  Tire  vertical  distances  from  the 
upper  lo  bwer  strut  and  Ihe  horizorrial  distances  tetween  holes  are  shown  below. 
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Figure  3.  Unistrut  Bolt  Pattern  for  the  Control  Panel  and  Mounting  Plate 


11.3.  Electronic  Connections  Required  for  Start-up 

11.3.1.  Electrical  Power  Connection 

The  SAL  system  is  configured  for  nominal  220  VAC  single-phase  power  at 
either  50  or  60  Hz.  The  unit  comes  equipped  willi  a  NEMA-standard  6L-30  male 
plug.  While  lire  system  operates  at  apptoximalely  5A  for  Hie  SAL-30,  6-7A  tor  ttre 
SAL-40  and  12-13  A  for  the  SAL-80,  the  circuit  requirement  for  the  power  outlet  is 
greater  in  order  to  handle  inrush  current  loads.  Line  SAL-30,  SAL-40,  and  systems 
reqitire  20  amps  while  the  SAL-80  systems  use  a  30  amp  circuit.  II  is  possible  to 
configure  the  SAL-30  and  SAL-40  for  30A  service.  1 10  VAC  single  phase  power.  The 
unit  is  equipped  witli  an  integral  switch/circuit  breaker  that  is  located  on  the  tower 
left,  outside  panel  of  Ihe  control  box.  The  switch  includes  a  waletproof  covet. 
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Although  the  systems  are  equipped  with  male  plugs,  the  system  can  also 
be  w'red  drectly  to  a  disconnect  panel  or  other  approved  electrical  intertace. 
Consult  your  bcal  electrical  codes.  It  the  equipment  is  going  to  be  located  in  an 
area  wilh  a  high  incidence  ot  lighlening  sirikes,  the  control  panel  can  be 
equipped  wilh  surge  protecliori  (MOV)  circuitry  to  protect  Ihe  equipmeni  from 
power  spikes.  Consult  your  distributor  or  the  MlOX  Corporation. 


jACALTITONi  (1(0,^101  precautions  should  be  taken  with  regard  to  electrical 
components  In  the  vicinity  of  a  water  source.  The  control  box  should  be 
disconnected  from  the  power  source  before  opening.  As  a  safety  feature,  high 
voltages  are  confined  to  the  Inside  of  the  control  box  enclosure.  Voltages  outside 
the  control  box  do  not  exceed  24  VDC 


NOTE:  Do  nol  connect  power  to  the  system  until  instalblbn  is  comptele. 


11.3.2.  Control  Panel  Interface  Block  Wiring 

Heyco  fillings  are  provided  on  Ihe  bottom  of  Ihe  control  panel  to  facilitate 
field  wring  ol  Ihe  solenoid,  level  swilch,  Ihermal  wells,  and  pressure  switch  to  Ihe 
SAL  system  interface  block.  A  connector  is  provided  for  lire  brine  pump.  Refer  to 
figure  4  tor  details  ot  wiring  the  brine  pump,  pessure  switch,  level  switch  and 
sotenoid  to  the  intertace  block.  Figure  5  gives  more  details  for  wiring. 


Figure  4  Interface  Block  Wiring  Diagram 
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Figure  5.  Brine  Pump  Connector  (Pin-out) 


The  interface  bbck  also  provides  a  convenieril  place  to  perform  electrical 
dbgnostics.  Diagnostics  can  be  easily  accomplished  wilh  a  digital  volt  meter. 

When  wiring  multi-c.ell  systems,  take  care  not  to  wire  and/or  plumb  the 
brine  pump,  cell,  level  switch  or  solenoid  to  different  control  panels.  All  the 
electrical  wiring  and  plumbing  should  be  between  one  control  panel  and  one 
mounting  panel.  Crossing  the  plumbing  and  wiring  between  two  control  panels 
and  mounting  pkries  will  cause  the  system  to  tail  on  slaiTup.  It  either  the  plumbing 
or  wires  ate  crossed,  the  cell  will  never  come  in  to  the  operating  range  because 
the  brine  pump  will  be  feeding  brine  to  Ihe  wrong  cell.  Likewise,  it  is  important  to 
be  sure  the  correct  solenoid  valve  wires  are  tied  in  to  the  correct  control  panel 
terminal  block. 

Mulli-cell  systems  have  common  signal  level  switches.  The  level  switches 
must  be  wired  to  both  terminal  boards  irrside  Ihe  Iwo  control  panels  on  Ihese  units. 
The  simplest  way  lo  accomplish  Ihis  is  lo  wire  Ihe  oxidani  lank  level  swilches  to 
one  ot  Ihe  terminal  boards,  and  then  to  run  a  jumper  cable  (3  wires)  between 
terminal  boards  in  each  of  the  control  panel  enclosures. 

11.3.3.  Cell  Installation 

Remove  Ihe  cell  from  its  packaging  curd  place  il  verTIcally  into  Ihe  cell 
support  bracket  on  the  mountirrg  pkile.  The  union  quick  disconnects  are  installed 
as  foibws: 

•  The  anolyte  disconnect  (red  marking)  is  connected  lo  the  lop  ot  the  cell  on 
the  side  marked  with  red  tciiae  (two  port  side).  Attach  the  oxidant  solrrtion 
(anode)  tubing  to  the  end  ot  the  red-taped  PDVF/Kynar  barb  fitting. 

•  The  calholyte  discorrneci  (black  marking)  is  connected  lo  the  top  ol  Ihe  cell 
on  Ihe  side  rncrrked  wilh  bbck  lope  (single  port  side).  Allcrch  Ihe  calholyte 
tubing  to  Ihe  end  of  ttie  black-taped  PDVF/Kynar  barb  fitting. 
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For  mulfi-cell  systems,  sharing  an  oxidant  tank,  the  oxidant  streams  from 
both  cells  must  be  combined  in  a  common  manifold  or  plumbing  connection  so 
Ihat  there  is  only  one  inlet  to  the  oxidant  solution  lank. 

Connect  the  cell  electrical  leads,  matching  Ihe  red  lead  to  the  buss  bat  on 
the  side  ot  the  cell  with  the  red-taped  manifold,  and  the  black  lead  to  the  buss 
bar  on  the  side  ot  the  cell  with  the  black-taped  manifold. 


NOTE:  To  ensure  a  good  electrical  connection,  do  not  use  washers.  The  nuts 
provided  with  Integral  serrated  flange  will  provide  a  good  connection.  Electrical 
conductive  grease,  such  as  Thomas  &  Betts  ‘‘KOPR-SHIELD,"  should  also  be  used 
ond  will  Improve  the  electrical  conrrectlon. _ 


Check  and  tighten  Ihe  F5  -  20  cell  lead/lug  flange  nuls  to  75  inch-lbs.  (8.5 
newton-melers)  loique.  Attach  Ihe  3/8"  OD  quick-connect  brine  solution  lubing 
into  the  push-in  titling  at  Ihe  bottom  ot  the  cell  (no  cobr-coded  tape,  near 
bottom  ot  cell,  with  the  tubing  coming  out  from  the  brine  tank).  See  Appendix  D, 
“Cell  Instaltation"  tor  more  information. 

11.3.4.  Alarm  Relay  Wiring 

The  system  comes  wired  with  an  alarm  control  circuit.  This  circuit  can  be 
connected  to  a  relay  circuit  to  lock  out  water  system  pumps,  annunciate  an 
atarm,  turn  on  a  Hashing  Ight  or  beacon,  or  activate  a  remote  phone  message  or 
other  type  ot  signal  or  control.  The  alarm  relay  is  bcated  on  the  back  panel  ot  the 
control  box.  The  relay  is  wired  to  an  exter  nal  connector  that  is  mounted  on  the 
upper  left  side  of  the  control  box.  The  male  portion  ot  the  connector  is  taped  to 
Ihe  inside  door  ot  Ihe  control  panel  when  shipped  from  the  factory.  The  relay  is  a 
tonn  C  contaci  wilh  four  terminals  and  can  be  wired  erlher  normally  open  (NO)  or 
nomially  closed  (NC).  The  relay  de-activates  anytime  the  red  fault  light  on  the 
front  panel  display  is  lit.  the  relay  will  de-activate  when  the  red  fault  light  goes 
out.  The  wiring  diagram  for  the  alarm  relay  connector  is  shown  is  bcated  in  the 
inside  door  ot  the  control  panel.  The  reby  is  active  in  normal  operate  mode  and 
is  deactive  when  fault  or  power  loss  occurs. 
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Figure  6.  Alarm  Relay  Wiring  Diagram 


11.4.  Plumbing  Connections  Required  for  Start-up 

11.4.1.  Water  Supply  Tubing  to  Heat  Exchanger 

The  water  supply  tubing  is  routed  to  the  heat  exchanger  as  shown  in  the 
general  arrangement  drawing  (Figure  2).  The  iubing  connections  are  push-in  John 
Guest  type  tittings.  It  the  tubing  needs  to  be  removed  trom  a  titting,  hoid  the  gray 
collar  against  the  titting  and  pull  the  tube  out. 


NOTE:  Hose  dimensions  referred  to  are  inside  diameters  with  size  given  In  inches. 
Tubing  dimensions  are  measured  trom  the  outside  diameter. _ 


II.4.2.  Water  Feed  Connection 

The  water  teed  lines  require  only  schedule  80  PVC.  Only  the  pipes  carrying 
on-site  oxidant  solution  require  CPVC  pipe.  Where  possible,  all  connections  should 
be  solvent  weld  rather  than  threaded  in  order  to  prevent  the  possibility  ot  leaks. 
IPS  Weld-On  Number  724  glue  should  be  used.  All  piping  should  be  supported  at 
3-  to  4-foot  (I  m)  intervals.  Isolation  valves  should  be  included  on  all  water  feed 
lines  external  to  the  MlOX  system. 
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The  water  feed  requremenf  is  approximately  3-5.5  gph  ( 1 1 .3-20.8  Lph)  for 
the  SAL-30,  6-8gph  (22.7-30.3  Lph)  for  a  SAL-40  and  12-15  gph  (45.4  -  56.8  Gph)  for 
a  SAL-80.  The  water  pressure  at  the  electrolytic  cell  (15  psi;103  kPa)  is  controlled  by 
a  pressure  regulciling  valve  (PRV).  A  minimum  of  25  psi  (172  kPa)  feed  water 
pressure  is  rec|uired  in  order  to  ensure  a  stable  How  and  a  continuous  supply  ol  15 
psi  (103  kPa)  to  the  electrolytic  cell.  The  PRV  is  factory  set  and  should  not  be 
adjusted  from  the  15  psi  ( 103  kPa)  setting,  tills  setting  is  critical  for  proper  oxidant 
production,  cell  cooling,  and  other  key  operating  parameters.  A  pressure  gauge 
is  included  on  the  teed  water  manifold  to  visually  monitor  the  pressure  setting.  The 
optimal  feed  water  pressure  to  the  system  is  40  (276  kPa)  to  80  psi  (552  kPa). 
Maximum  supply  pressure  should  rrol  exceed  100  psi  (689  kPa).  For  supply  pressure 
over  100  psi  (689  kPa),  auxiliary  pressure  teducliorr  Is  required. 

The  feed  woter  connection  to  the  unil  is  a  (1.9  cm)  garden  hose 
connection.  The  unit  is  shipped  with  a  backflow  preventer  to  preclude  water  from 
the  system  entering  the  potable  water  source.  Installation  of  the  txickflow 
preventer  is  typically  a  bcal  plumbing  code  requirement.  The  backflow  preventer 
should  be  installed  on  the  water  outlet  connecfron  In  the  facility  or  building.  If  the 
backfbw  preventer  is  installed  at  the  unit,  the  check  valve  will  operate  in  Ihe 
wrorrg  direction.  SIrould  this  occur,  wafer  will  fbw  in  Ihe  irrcorreci  directions  from 
Ihe  backfbw  preventer  when  the  main  water  valve  is  turned  on. 

The  water  teed  connection  to  the  SAL  systems  will  come  from  the  water 
softener.  The  T4"  (1.9  cm)  connection  on  the  SAL  system  is  located  on  the  left  side 
of  the  unit  just  under  the  control  box.  The  water  feed  temperature  must  be 
between  50-85  °F  (10-29.4  °C)  to  avoid  damage  to  Ihe  cell. 

11.4.3.  Oxidant  Solution  Feed  Line  Connection 

Oxidant  solution  comes  from  tlie  anode  port  (marked  with  red  tape  and  is 
combined  with  the  cathode  solution.  The  anolyte  and  catholyte  feed  lines  (3/8" 
ID,  5/8"  OD  vinyl  tubing)  are  attached  to  the  red  and  black  connectors  of  the  cell 
and  are  then  routed  to  the  inlet  port  on  Ihe  oxidant  soluibn  lank  (See 

Figure  8).  The  itrlel  port  on  Ihe  solufiorr  lank  has  Ihe  drop  lube  inside  Ihe  lank  thol 
extends  lo  Ihe  bottom  ol  the  lank. 

For  mttlfi-cell  systems,  the  oxidant  teed  lines  from  the  electrolytic  cells  on 
each  unit  should  be  connected  to  a  common  inlet  port  on  the  oxidant  solution 
tank.  The  oxidant  tank  is  designed  to  force-ventilote  hydrogen  from  Ihe  oxidani 
stream  as  il  enters  Ihe  oxidani  lank.  The  oxidani  streams  from  both  cells  must  be 
combined  in  a  commorr  manilold  or  plumbing  connecllon  so  tliat  Ihere  is  only 
one  inlet  to  Ihe  oxidant  solutbrr  lank. 


|AWARNING|  Electrolysis  produces  hydrogen  gas,  which  could  cause  an  explosive 
situation  if  stored  without  ventilation.  Proper  venting  of  the  oxidant  tank  is 
mandatory. 


11.4.4.  Brine  Generator  Plumbing  Connections 
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A  valve  is  included  at  the  bottom  ot  the  brine  generator  on  the  tank  outlet 
tor  operation  and  cleaning  pur|x>ses. 

A  'A"  sbited  pipe  strainer  is  provided  with  the  brine  lank.  When  it  is  iDroperty 
installed  on  the  inside  ot  the  tank,  it  prevents  solid  soil  Irom  entering  the  tDrine  lines 
and  cbgging  them.  Install  the  strainer  in  the  threaded  tittings  bcated  at  the  inner 
bottom  section  ot  the  tank. 

The  brine  generator  overflow  port  is  located  at  the  top  ot  the  brine 
generator.  MlOX  Corporation  recommends  using  schedule  40  PVC  piping  to 
route  excess  brine  Irom  the  overilow  connection  to  a  drain.  The  overfbw 
connection  is  ‘‘/t  lemate  NPT.  In  simibr  fashbn,  the  oxidani  lank  overfbw  piping 
should  also  be  routed  to  a  drain. 

The  brine  and  oxidant  tank  overflows  mirst  be  piped  into  a  separate  drain 
header  than  the  drain  header  for  the  water  softener  discharge.  This  will  prevent 
potential  backflow  up  the  laine  and  oxidant  tank  lines,  which  would  fill  the  brine 
generator  and  oxidant  tank  with  calcium  rich  brine.  A  common  floor  drain  can 
be  used  as  long  as  there  ate  separate  drain  headers  and  an  Air  Gap. 
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11.5.  Water  Softener  Installation 


The  water  softener  should  remain  upright  at  all  times; 
otherwise,  the  Ion  exchange  resin  can  leak  out.  This  resin  can  create  a 
slipping  hazard  if  it  ieaks  onto  the  floor  or  gets  into  the  piumbing  manifold  on 
the  system  and  create  a  maintenance  problem. 


The  feed  water  lo  Ihe  MlOX  syslem  niusi  have  a  water  hardness  ol  less  lharr 
I  grain  (1  grain  =  17.1  ppm)  lor  best  system  perlormance  and  lor  Ihe  syslem 
wananly  to  remain  valid.  Most  untreated  teed  water  will  exceed  this  value. 
Without  soft  water,  cafcium  carbonate  in  the  water  supply  will  deposit  on  the  cell 
electrodes  and  will  render  the  system  inoperable  in  a  short  perfod  ot  time. 


NOTE:  For  more  information  about  Kinetico®  water  softeners,  contact  the 
manutacturer  or  MiOX  Corporcrtion. _ 


MlOX  Corporatfon  uses  hydraulically  driven  in-iine  duai  ion  exchange  water 
softeners.  Whiie  one  tank  regenerates,  the  other  tank  strpplies  softened  water. 
Advantages  of  using  these  softeners  include:  trouble-free  operation,  continuous 
soft  water,  instantaneous  switching  ot  tanks,  lower  salt  consumption,  no  eiectrical 
power  usage,  a  seiectfon  of  fbw  nozzles,  and  a  check  valve  to  prevent  backflow 
of  water  from  the  softener  lo  Ihe  brine  generator.  The  softener  results  in  an  overall 
improvement  in  efficiency  and  cost  savings.  Selecting  Ihe  appropriate  metering 
disc  can  improve  efficiency  even  further.  For  maximum  water  and  salt  use 
efficiency,  MlOX  Corporation  recommends  CC208,  CP208,  or  sometimes  a  CP2I0 
water  softener  modeis  tor  use  with  SAl  systems. 

II.5.I.  Water  Softener  Plumbing 

The  Kirretico®  Iwin-lank  wcrier  softeners  provided  by  MiOX  rnciude  cr  water 
softener  inslaliation  kit.  The  kit  is  shipped  in  Ihe  brine  tank.  Unpack  the  water 
softener  components  and  the  instailotfon  kit  in  order  to  begin  assembiy  according 
to  the  steps  below. 

f/.S.  f.A.  Connecting  the  Twin  Tower  Tanks 

Unpack  Ihe  black  water  softener  tanks  ond  place  them  approximately  6 
inches  (15  cm)  apart  with  Ihe  lank  connector  openings  facing  each  other.  Take 
the  two  black  plastic  connector  pi|3es  and  make  sure  there  are  two  O-rings  on 
each  end.  Spread  the  silicone  gel  included  in  kit  on  all  O-rings.  Push  one 
connector  into  each  opening  on  the  first  water  softener  lank.  Next,  push  the 
connector  openings  of  Ihe  second  lank  onto  the  other  end  of  Ihe  connector 
pipes,  connecting  the  two  tanks.  Place  one  of  Ihe  two  6"  metal  connector  links 
parallel  lo  Ihe  connector  pipes,  on  lop  ol  and  between  Ihem.  Next,  insert  a 
connector  pin  into  each  end  of  the  link,  and  connect  the  two  pins  to  the  second 
metal  connector  link,  placing  it  underneath  and  between  the  two  connector 
pipes.  This  will  sectrre  the  twin  tower  tanks  together. 

11.5. 1.B.  Connecting  the  Water  Supply  lo  the  Softener 
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Water  supply  to  the  softener  can  come  from  almost  any  source,  Including 
water  that  has  been  disinfected  by  the  MlOX  system.  First,  place  O-rIngs  on  the 
adapter  fittings  provided  with  the  water  softener  installation  kit  and  spread  the 
silicone  gel  evenly.  Next,  push  one  of  the  adapter  fittings  Into  the  water  softener 
inlet  connection  ( 

Figure  which  iias  an  inward-pointing  arrow,  and  ptace  Ihe  second  adapter 
tilling  into  Ihe  water  sottener  outlet  connecfron,  which  has  crn  outward-|xrinling 
arrow,  on  the  sottenrsr  head.  Place  Ihe  retainer  clips  over  these  inlet  and  outlet 
connections,  and  secure  it  with  the  bracket  pin,  pushed  through  the  top. 

Next,  seal  the  threads  ol  Ihe  3/4"  NPT  hose  crdapter  (either  an  elbow  or  a 
straight  hex  nipple)  with  Spears  blue  75  thread  seabrit  and  Ihtead  the  adapter 
irrio  Ihe  adapter  lilting  for  Ihe  inlet  conrrecirori,  with  Ihe  Inward-polnfing  arrow. 
Connect  the  3/4"  green  pbslic  lemale  hose  connector  to  Ihe  adapter.  Attach 
the  1/7'  clear  bciided  garden  hose  lo  Ihe  green  plastic  connector,  clcrmping  it 
securely  with  the  green  plastic  cbmshell.  The  other  end  ol  Ihe  hose  should  be 
attached  to  the  discharge  of  the  supplied  water  prctilter. 


NOTE:  Feed  water  to  the  softener  should  be  piped  to  the  inlet  with  the  inward 
pointing  arrow  on  top  of  the  water  softener  head.  IF  TFIE  FEED  WATER  IS  NOT 
CONNECTED  TO  THE  PROPER  OPENING,  THE  WATER  SOFTENER  WILL  BE  UNABLE  TO 
REGENERATE  and  provide  softened  water  to  the  MlOX  system. _ 


A  -  Inlet  Connection, 

I  'A  inch 

B  -Outlet 

Connection,  I  'A  inch 
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Figure  7.  Representative  Kinetico*'  Twin  Tower  Woter  Softener 

11.5. 1.  C.  Backflow  Prevenffon 

Most  municipal  and  state  plumbing  codes  require  the  use  ot  a  bocktlow 
preventer  on  any  water  service  line  that  teeds  a  piece  ot  equipment.  The 
backtbw  preventer  inhibits  any  fluids  generated  in  the  water  softener  or  other 
piece  of  MlOX  equipment  from  entering  Ihe  wafer  distribution  system.  The 
backtbw  preventer  is  a  simple  brass  clieck  valve  type  of  device  thal  screws  on  to 
lire  water  source  conneclion,  such  as  a  wall-mounted  faucet. 

Ilie  backtbw  preventer  provided  by  MlOX  Corporation  is  instalted  crt  Ihe 
source  ot  the  water  connection,  and  not  on  the  MlOX  rrnit.  It  it  is  installed  on  the 
MlOX  unit,  the  check  valve  will  be  operating  with  the  wrong  orientation,  and  no 
water  will  flow  to  the  MlOX  unit.  During  operation,  the  backtbw  preventer  will 
occasionally  aclivale,  which  causes  a  small  amount  of  water  to  be  discharged. 
This  is  rtormal  and  does  nol  Indfcale  a  need  for  servfce. 

11.5. 1. D.  Woter  from  Soffener  to  the  fAlOX  Unit 

Glite  the  supplied  PVC  redtrcer  bushings  into  the  water  softener  adapter 
fitting.  Place  Spears  blue  75  thread  seabnt  on  both  ends  of  the  gray  plastic  3/4" 
nipple  pipe  (apfrroximately  I  3/4"  bng)  and  then  insert  the  pipe  into  one  end  of 
Ihe  tee.  Insert  Ihe  other  end  ol  Ihe  nipple  pipe  into  Ihe  adapter  fitting  lor  Ihe 
oultel  connection,  with  Ihe  outward-pointing  arrow.  Coal  Ihe  male  end  of  Ihe 
two  metal  3/4"  hose  bibbs  with  Spears  blue  75  thread  sealant  and  place  one  hose 
bibb  into  each  of  the  remaining  two  openings  ot  the  tee.  Cut  the  1/2"  clear 
braided  hose  bng  enough  to  allow  flexibility  of  movement  tor  the  softener  and 
MlOX  system.  Attach  a  piece  of  hose  to  each  hose  bibb  with  the  green  plastb 
connectors,  clamping  each  hose  securely  with  the  green  ptasfic  clamshell.  Before 
connecting  one  of  the  hoses  to  the  MlOX  system,  turn  on  Ihe  main  water  supply 
arrd  Hush  water  through  Ihe  softener  until  the  water  Is  clean  and  clear. 

11.5. 1. B.  Brine  Recharge  Hose  Connections 

The  water  softener  irses  firlly  saturated  brine  taken  from  the  brine  tank  to 
recharge  the  softener.  In  order  to  connect  Ihe  water  softener  recharge  hose,  use 
Spears  blue  75  thread  sealant  to  coat  the  smaller  mab  threads  (1/4")  jutling  ofi  ol 
Ihe  water  softener  head.  Take  Ihe  small  black  connector  elbow  and  thread  it 
onto  Ihe  brine  inlet.  Then  attacti  Ihe  3/8"  polyethylerie  tubing  (with  Ihe  gray 
check  valve).  Make  sure  lhal  the  anow  on  Ihe  check  valve  is  ixrinling  (rom  Ihe 
brine  tank  toward  the  softener.  Connect  the  other  end  to  the  1/2'  NPT  lemale  spin 
fitting  on  the  side  of  the  brine  tank.  This  connection  shotrid  be  made  before  the 
brine  tank  is  filled  with  water  in  order  to  avoid  spilling  any  water. 


NOTE:  Incorrectly  connecting  the  check  valve  will  not  allow  the  softener  to 
regenerate  Itself  and  may  cause  the  brine  reservoir  (tank)  to  overflow.  Be  sure  the 
flow  arrow  on  the  check  valve  points  In  the  direction  of  the  water  softener  and 
away  from  the  brine  tank. _ 


11.5.  t.F.  tVofer  Softener  Discharge  Hose 
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Connect  the  larger  male  threads  jutting  oil  the  head  of  the  water  soltener 
using  Spears  blue  75  thread  seatant  and  connect  the  larger  black  elbow  to  the 
discharge  threads.  Insert  the  MX  discharge  lube  into  the  elbow,  and  place  the 
olher  end  into  a  drain. 


|ACAUnON|  Qjj  pjpg  water  softener  discharge  into  the  some  drain 
header  as  the  drain  header  for  the  brine  and  oxidant  tank  overflows.  Install 
separate  drain  headers  to  a  common  floor  drain.  If  all  of  the  systems  are  tied  In 
to  the  same  drain  header,  high  backpressure  from  the  water  softener  discharge 
drain  can  backflow  up  the  brine  and  oxidant  tank  overflow  lines  and  fill  the 
brine  generator  and  oxidant  tank  with  calcium  rich  brine.  This  will  result  In  brine 
tank  flooding,  calcium  carbonate  contamination  of  the  electrolytic  cell,  and 
dilution  of  the  oxidant  solution. 


I/.S.  I.G.  Cold  Weather  Protection 

The  water  softener  must  be  protected  from  freezing  temperatures.  If  it  is 
installed  outside  or  in  an  area  that  is  not  heated,  precautionary  measures  must  be 
taken  to  prevent  freeze  damage  to  the  unit.  Tills  can  include  installing  a  space 
heater,  draining  the  softener  or  moving  unused  tanks  to  a  warm  storage. 
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11.6.  Oxidant  Solution  Tank  Installation 

The  oxidcinl  solutfon  lank  is  designed  to  act  as  a  holding  tank  for  the 
disinfectant  solution.  The  capacity  of  this  tank  is  sized  to  accommodate  peak 
demand  requirements  of  the  water  system. 

Figure  8  shows  a  typical  drawing  of  a  standard  lonk.  A  on-site  oxidant  solution 
lank  installation  kit  is  shipped  inside  lire  solution  lank.  Install  the  supplied  warning 
labels  on  the  oulskle  walls  ol  the  oxidant  tanks,  followiirg  the  provided  guidelines 
and  instrucibns. 


Figure  8.  On-sIte  Oxidant  Solution  Tank 


ll.i.T.  Ventilation  Requirements 


|AWAfWING  process  that  involves  electrotysis  of  water  liberates  hydrogen 
gas.  The  verrtilation  system  in  the  oxidant  tank  is  designed  to  remove  hydrogen 
gas.  The  plumbing  and  ventilation  requirements  explained  In  this  manual  must  be 
followed  explicitly  to  ensure  proper  hydrogen  venting  and  prevention  of 
explosions  or  other  hazardous  situations. 
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The  MlOX  solution  tank  must  ALWAYS  be  vented  to  the  atmosphere  outside 
the  facility  to  remove  any  possibility  ot  hydrogen  gas  formation,  which  can  be 
expbsive  if  exposed  to  an  ignition  source.  The  PVC  drop  tube  and  the  elbow 
assembly  are  shipped  in  the  on-site  oxidant  solution  tank  kit.  The  proper  diameter 
drop  tube  must  be  used  for  the  size  of  the  on-site  generator  feeding  oxidant  to  the 
oxidant  tank. 


NOTE:  All  systems  must  have  a  properly  installed  liquid  Hydrogen  Safety  system  to 
operate  safely.  See  Appendix  A  for  more  details. 


As  oxidani  flows  down  the  drop  tube,  hydrogen  bubbles  up  through  the 
oxidant  solution  and  out  the  vent  tube,  this  vent  configuration  is  required  in  order 
to  remove  hydrogen  before  it  enters  the  oxidant  tank.  The  primary  vent  should 
never  be  directly  from  the  side  of  the  oxidant  tank,  such  as  the  overflow  port. 


If  the  solution  tank  is  not  supplied  by  MlOX  Corporafion,  a  drop  lube  and 
veni  must  be  fabricated.  The  user  is  responsible  for  purchasing  sufficient  I"  CPVC 
piping  to  attach  to  the  top  of  the  tee  and  vent  to  the  atmosphere  outside  the 
building. 


11.6.2.  Solution  Tank  Liquid  Level  Switch  Installation 

For  MIOX-supplied  on-site  oxidant  solution  tanks,  the  liquid  level  switch  is 
shipped  toose  in  the  tank.  It  the  solufion  tank  is  not  shipped  with  the  SAL  system, 
the  level  switch  is  shipped  separately.  The  switch  is  designed  to  operate  with  the 
SAL  system.  To  install  the  level  switch  in  the  tank,  complete  the  following  steps: 
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1 .  Coat  the  male  end  ot  the  street  elbow  with  Spears  blue  75  thread  sealant 
and  then  connect  it  inside  the  solution  tank  into  the  1/Z  spin  fitting  at  the 
top  of  the  tank. 

2.  Feed  tlie  electrical  cord  through  lire  elbow  and  out  of  the  lank. 

3.  Seal  the  male  end  ot  the  liquid  level  swilch  will)  Spears  blue  75  thread 
sealant  and  then  screw  it  into  the  female  end  of  the  street  elbow.  Hand 
tighten. 


Figure  10.  Solution  Tank  Level  Switch  Installation 


The  wire  from  the  solution  level  switch  is  ted  into  the  SAL  unit  through  one  ot 
the  four  feedthrough  fittings  on  bottom  of  the  blue  control  cabinet.  If  all  of  the 
feedthroughs  have  wires  in  them,  it  is  acceptable  to  combine  the  wire  with 
another  one.  The  terminals  for  the  MlOX  solution  switch  are  shown  in  the  electrical 
schematic  lhat  is  attached  to  the  inside  door  ot  Ihe  control  panel. 


NOTE:  Take  special  care  to  ensure  that  the  wires  are  connected  properly.  If  two 

systems  are  linked,  the  wires  must  be  connected  as  follows; 

Unit#1 

Ur^t#2 

Black  wire 

Terminal  #15 

Jumper  wire  to 

Terminal  #15 

Red  wire 

Terminal  #17 

jumper  wire  to 

Terminal  #17 

WWte  wire 

Terminal  #18 

jumper  wire  to 

Terminal  #18 
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When  more  than  one  system  is  installed,  a  jumper  cable  (3  wires)  must  be 
ptaced  between  pin  18  on  unit  I  and  pin  18onunit2.  Similarly  in  17  on  unit  I  must 
be  jumpered  to  pin  17  on  unit  two  and  pin  15  on  unit  1  to  pin  15  on  unit  2.  After  oil 
wires  have  been  ted  through,  be  sure  to  fgliten  the  feedthrough  lo  present  water 
damage. 


11.1.3.  Solution  Tank  Lid 

The  solution  lank  lid  is  meant  to  covet  tire  tank  during  operation.  The  lid 
helps  reduce  volalilizatlon  and  extends  the  tile  ol  the  oxidant  solution.  Beware  of 
Ihe  polenlicrl  lor  hydrogen  gas  when  removing  Ihe  oxfclarrl  tank  lid.  Avoid  all 
ignilfon  sources  in  Ihe  vicinity  of  Ihe  oxidant  tank. 

11.1.4.  Feed  Line  Connection 

The  valve  at  the  bottom  of  the  solutfon  tank  provides  MlOX  solution  to  the 
water  system  for  purposes  of  disinlectron.  MlOX  soluliorr  can  be  Injected  into  the 
water  syslem  wilh  a  chemical  teed  pump  or  a  venturi  Injector.  The  pump  is 
typically  mounted  in  a  side  stream  of  Ihe  main  water  line.  The  injection  system  is 
not  a  standard  part  ot  the  SAL  system  installation  due  to  variables  with  ditterent 
water-  supply  systems  and  should  tre  designed  by  a  qualified  engineer,  MlOX 
Corporatbn  distributor,  or  salesperson. 

11.4.5.  Overflow  Port 

A  I"  overflow  port  connection  fitting  has  been  provided  at  the  top  of  Ihe 
solution  tank.  This  should  be  piped  to  a  drain  or  other  suitable  discharge  outlet 
with  I"  schedule  80  CPVC  pipe.  Be  certain  to  use  a  separate  drain  header  tor  the 
oxidant  tank  and  tor  the  water  softener  discharge.  Otherwise,  high  backpresstjre 
fror-n  the  water  softener  discharge  drain  can  create  Ixrcktiow  up  the  brine  and 
oxidant  tank  overflow  lines,  filling  the  brine  generator  and  oxidant  tank  with 
calcium  rich  brine.  If  Ihe  customer  elects  nol  lo  run  the  overflow  drain,  then  Ihe  I" 
oullel  must  be  plugged  to  prevent  gasses  in  the  storage  tank  from  venlirrg  to  Ihe 
room. 


11.7,  Water  Heater  or  Water  Chiller  (optional) 

Water  heater  arrd  chillers  ate  provided  wilh  Ihe  MlOX  syslem,  bul  rrray  rrol 
be  requited  by  all  users.  A  heater  is  necessary  if  the  temperature  ol  the  feed 
water  al  any  point  during  Ihe  year  falls  below  SO  °F  ( 10  °C).  A  chiller  is  necessary  it 
the  water  1em|3erature  rises  above  85  °F  (  29.4  °C)  at  any  point  drjring  the  season 
of  system  operation,  low  temi^eratures  i-nust  be  avoided  to  protect  the  cell  trom 
deplating,  while  high  temperatures  must  be  avoided  to  protect  components 
dowrrsiream  from  high  cell  discharge  temperatures.  Maintaining  the  water  at  the 
proiser  temperalure  will  also  assist  in  mainlairring  rated  production  of  the  on-sIte 
gerrerator. 

Chillers  can  be  located  inside  or  outside  of  the  facility.  Albw  3  feet  (I  yard)  ot 
clearance  in  front  of  and  behind  the  chiller  for  unrestricted  air  flow.  See 
Manufacturer  equipment  manuals  for  details. 
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III.  Operations 


SAFETY  PRECAUTIONS  AND  WARNINGS 

|awarnin<^ 

•  The  on-site  oxidani  solulion  is  a  disiriieclaiil— NOT  DRINKING  WATER — and 
therefore  should  NOT  be  consumed  without  dituting  it  wilh  water.  On-site 
oxidant  solution  is  nol  a  desaBnizalion  device  for  making  fresh  water  troni 
salt  water,  but  instead  uses  satt  water  in  making  the  on-site  oxidant  solution 
(a  dlsintectirrg  solution). 

•  Pot  water  treatment,  ensure  the  pro|Der  does  of  oxidant  for  the  water  to  be 
treated.  Consult  a  professional  for  piotaer  dose  rates. 

•  Do  not  add  other  chemicals  to  the  brine  or  oxidant  tanks. 

•  Any  process  that  involves  electrolysis  of  water  liberates  hydrogen  gas. 
Hydrogen  gas  could  carjse  an  explosive  .situatbn  it  ignited  in  an  oxygen 
atmosphere. 

•  Always  assume  hydrogen  is  in  and  around  Ihe  oxidant  tank. 

•  Ensure  that  NO  flames  or  ignition  sources  are  in  or  around  the  lank. 


Ill.l.  System  Description 


Phe  SAl  system  is  designed  for  commerc'ral  operation  on  a  wide  variety  of 
applications.  The  oxidant  can  be  used  for  potable  water,  waste  water,  swimming 
pools,  cooling  towers,  odor  control,  food  processing,  and  any  other  applications 
where  a  strong  chlorine-based  oxidant  is  desired.  Depending  upon  the  size  ol  the 
eiecirolylic  cell,  2.5,  4,  or  10  lbs  of  PAC  is  produced  per  day.  The  electrolylic  cell  is 
powered  by  a  swiiching  ixrwet  supply  operating  with  a  conservative  duly  cycle. 
The  controls  and  other  devices  are  powered  by  a  separate  24  VDC  power  supply. 
The  system  is  controlled  by  a  microprocessor-based  controller  that  maintains  cr 
constant  level  of  oxidant  production  tjnder  all  conditions.  The  controller  supports 
system  diagnostics  as  well  as  alarms  for  interface  to  airtodialers,  SCADA  systems,  or 
any  other  type  of  alarm  annunciation. 

The  SAL  system  is  modular  and  includes  a  control  panel,  a  mounling  parrel 
with  brine  liller,  a  brine  pump,  a  plumbing  mariilold,  and  an  eiecirolylic  cell.  The 
control  panel  is  a  stainless  steel  enctosure  meeting  U.S.  and  internafronal  electrical 
standards.  All  components  external  to  the  control  panel  are  low  voltage  devices 
that  are  not  inherently  harmfrjl  to  humans.  A  typical  SAl  system  installation 
includes  a  water  softener  to  remove  calcium,  as  well  as  a  brine  generator  and 
oxidant  solution  tank.  Each  SAL  unit  consists  of  three  baste  subsystems: 

I)  Fluid  subsystem 
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2)  Power  subsystem 

3)  Controls  subsystem. 

111. 1.1.  Fluid  Subsystem 

The  IluicI  subsystem  provides  water  to  the  brine  generator  and  water  to  the 
electrolytic  cell,  the  water  pressure  and  How  rate  are  regulated  in  the  system  to 
provide  continuous,  steady-state  operation  and  stable  oxidant  production. 
Potable  or  clean  source  water  is  ted  to  the  system  from  a  suitable  water  source. 
Water  flows  to  the  brine  generator  where  the  liquid  level  in  the  larine  generator  Is 
conitolled  wilh  a  float  valve  in  a  slill  well  (4"  PVC  pipe).  The  walet  level  is 
controlled  by  the  float  valve  to  ensure  the  brine  pump  head  is  always  flooded. 
This  precludes  brine  dry-out  in  Ihe  pump  head. 

During  system  operation,  the  electric  solenoid  valve  opens  and  allows 
water  to  How  through  a  PRV  through  a  heal  exchanger  in  the  control  box  to  the 
cell.  Water  flowing  through  the  heat  exchanger  provides  cooling  for  the  power 
supply— a  rouch  more  effective  cooling  process  than  ambient  air  cooling.  The 
PRV  sets  Ihe  dowrrsiream  laressure  al  1 5  psi  (103  kPa)  irrespeclive  of  Ihe  upstream 
pressure.  Wilh  a  steady  pressure  of  15  psi  (103  kPa)  in  Ihe  cell,  Ihe  flow  rate  is 
controlled  by  a  manually  adjustable  flow  control  valve.  In  order  to  ensure  the 
correct  concentration  of  brine  in  the  cell,  a  brine  pump  meters  saturated  brine 
from  the  brine  generator  to  the  teed  line  into  the  cell.  The  controller  monitors 
amperage  on  the  cell  and  controls  the  speed  of  the  brine  pump  to  maintain  the 
proper  concentration  of  brine  in  ihe  cell  so  that  the  amperage  in  the  cell  is  always 
at  specified  levels. 

111. 1.2.  Power  Subsystem 

The  SAL  series  systems  have  two  power  supplies.  The  main  power  supply 
converts  220  VAC  single-phase  power  to  12  volts  DC  for  energizing  the  cell.  This  is 
the  only  function  of  fhe  large  power  supply.  Depending  upon  fhe  system,  the  cell 
operates  from  840  -  2500  watts  during  normal  operatfon.  Tliis  switching  power 
supply  provides  a  clean  source  of  power  under  a  variety  of  loading  condiliorrs 
and  power  supply  variations.  The  supply  can  operale  Irorn  nominal  220  VAC  and 
from  50  to  60  cycles. 

The  second  power  supply  has  an  input  voltage  ot  220  VAC  and  delivers  24 
volts  DC.  This  feeds  power  fo  fhe  confrol  board,  the  brine  ptrmp,  and  the  solenoid 
valve. 


Main  power  lo  Ihe  syslertr  is  switched  with  a  combirraliorr  switch  arrd  circuit 
breaker.  The  switch  is  localed  on  Ihe  tower  lefi  side  ot  Ihe  control  box.  Power  io 
the  system  is  fed  from  cr  standard  NEMA  6L-30  merle  plug  on  a  10-fool  power  cord. 

The  .SAL-30  and  SAL-40  systems  can  also  be  configirred  lor  110  VAC  single 
phase  power  with  a  30A  service  circuit. 

III. 1.3.  Controls  Subsystem 
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The  SAL  system  is  a  fully  automated  system  that  piovides  a  steady  and 
consistent  production  of  on-site  oxidants  under  all  normal  conditions.  An  on¬ 
board  controller  mounted  on  the  master  control  unit  (MCU)  board  monitors  the 
amperage  lo  Ihe  cell.  The  operational  range  is  from  70A  ±  10%  for  SAL-30,  90A  ± 
10%  tor  SAL-tO  andIBOA  ±  10%  for  .SAL-80.  If  fhe  amperage  fulls  below  Ihe 
minimum  amps,  the  controller  sends  a  higher  signal  voltage  (0  to  5  VDC  range)  to 
the  brine  pump  to  fell  it  to  run  taster.  At  taster  speeds,  the  brine  concentration 
increases,  which  causes  the  conductivity  and  amperage  to  climb.  It  the 
amperage  gets  above  190  amps,  the  Litine  pump  will  slow  down.  Because 
amperage  applied  is  equal  to  chlorine  produced,  the  amount  of  chlorine 
production  is  always  reasonably  steady. 


NOTE:  The  three  momentary  buttons  that  provide  Input  to  the  controller  must  be 
pressed  and  held  to  Initiate  their  function.  The  red  mushr  oom  but  Ion  when  pushed 
in  will  put  Ihe  system  into  a  Standby  conditiorr.  Turning  Ihe  red  mushroom  button 
ctockwise  a  little  will  ctitow  the  button  lo  pop  bock  out  and  allow  lire  unit  to  re¬ 
start. 


The  controller  also  delects  upset  conditions.  If  Ihe  salt  is  low  in  Ihe  brine 
lank,  tire  brine  pump  will  conlirrue  lo  increase  its  speed  lo  try  and  produce 
oxidant.  It  the  maximum  brine  pump  speed  is  exceeded,  the  system  will  fault  and 
dispby  a  bw  brine  condition  related  fault.  Likewise,  if  water  flow  is  restrfcted,  the 
brine  pump  wiil  begin  to  slow  down  to  reduce  the  brine  concentration.  If  the 
brine  pump  voltage  drops  too  bw,  Ihe  system  will  fault  and  display  a  low  water 
condilion.  The  pi|3e  manifold  also  includes  a  bw  pressure  water  switch.  If  Ihe 
water  pressure  falls  bebw  20  psi  (138  kPa),  Ihe  system  will  fault.  It  the  system  goes 
lo  a  fault  mode,  it  will  change  the  slate  of  the  conlaci  switch  lhal  is  wired  lo  an 
external  connector.  The  alarm  relay  can  te  wired  to  a  phone  dialer,  SCADA 
system,  atarm  lights,  or  other  annunciation  device.  See  section  1 1 .3.4  tor  directions 
on  how  to  properly  wire  the  abrm  relay. 

There  are  three  momentary  buttons  and  one  ted  mushroom  switch  on  the 
touch  screen  coniroller  display  that  provide  inpul  lo  the  controller.  The  buttons 
must  l3e  pressed  and  held  lo  inilfcrie  Iheit  function.  Four  status  lighls  across  the  top 
of  Ihe  display  ponel  provide  Ihe  operating  status  ol  each  unit.  The  display  panel 
lists  cell  amperage  atrd  pump  voltage,  as  well  as  any  fault  cotrdilions  or  standby 
messages,  and  can  criso  display  cell  voltage  and  unit  hours.  See  Error!  Reference 
source  not  found,  for  an  example  of  the  controller  display  panel.  Fhe  system 
etectronic  controls  are  designed  to  diagnose  and  adjust  Ihe  irnit  lo  optimum 
operating  conditions  or  shul  down  the  system  should  a  taull  occur. 

III.  1.3.  A  System  Operations  Controls 

The  control  ixrnel  has  the  lollowing  ecrsy-to-read  system  operation  controls; 

Standby  Switch 

Also  known  as  Master  On  Switch.  The  Standby  switch  is  a  red  mushroom 
knob  thal  puls  Ihe  system  into  or  out  of  standby  (standby  -  In,  operate  - 
out),  as  long  as  certain  operating  cortdilions  are  met.  (For  example,  when 
Ihe  solution  lank  is  full,  Ihe  system  will  remain  in  standby.)  The  display  panel 
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will  indicate  why  the  system  is  in  standby.  To  restart  the  unit  from  Master  off, 
rotate  the  red  knob  cbckwise. 


Figure  11.  Example  System  Display 


Reset  Button 

The  reset  button  restarts  the  system  from  a  fault  conditfon. 

-In  diagnostic  mode,  the  reset  button  decrements  various  tunctions  (ex. 
clock). 

-In  operate  mode,  the  reset  button  witi  decrease  the  brine  pump  voltage 
when  pressed. 

Manual  Operation  Button 

In  diagnostic  mode,  the  manual  operation  button  performs  the  following 
funct'ions: 

-It  enters  a  test  module  to  begin  that  module’s  diagnostic  test  series. 

-It  turns  the  output  test  item  off  and  on. 

-It  increments  various  tunctfons  (for  example,  the  clock). 

In  operate  mode,  the  manual  button  will  raise  the  brine  pump  voltage 
when  pressed. 

The  manual  operation  button  can  also  be  used  to  bypass  the  cell  purge 
sequence  when  system  enters  standby 

Do  not  byposs  purge  on  a  routine  shutdown.  This  feature  should  only  be 
used  for  quick  mainfenance  and  service  checks  when  fhe  system  will  be 
turned  on  again  right  away.  The  manual  button  will  also  start  the  unit  when 
the  oxidant  tank  is  between  low  and  high  setpoints,  the  area  called  Tank 
OK. 

Menu  Button 
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The  menu  button  is  used  to  enter  diagnostics  mode  while  the  system  is  in 
stand-by. 

-In  diagnostics  mode,  it  skips  to  the  next  test  module  or  to  the  next 
diagnostic  test  wilhin  the  test  module 

III.I.3.B.  System  Stahls  Lights 

The  system  status  lights  across  the  top  oi  the  control  panel  display  include: 

POWER 

Wtieii  Ihe  POWER  light  (green)  is  lit,  the  power  is  on. 

COP  (COMPUTER  OPERATING  PROPERLY)  1  80.2 

When  the  COP  light  (green)  is  lit,  the  automated  control  panel  is  operating 
properly. 

OPERATE 

When  Ihe  OPERATE  lighi  (green)  is  lil,  Ihe  amperage  to  the  cell  is  in  Ihe 
optimum  operating  range  lor  the  MlOX  system.  It  this  light  is  oti,  the  system 
is  either  in  standby  mode  with  "Standby"  and  the  reason  tor  standby 
displayed  on  the  screen,  an  alarm  condition  with  the  atarm  reason 
displayed,  or  it  is  adjusting  to  optimum  operating  conditfons: 

SAL-30:  70±  10% 

SAL-40:  90  ±  10% 

SAL-80:  t80±  10% 

The  OPERATE  light  is  only  lit  when  the  cell  is  in  a  running  state  and  in  the 
parameters  shown  above. 

FAULT 

When  the  FAULT  Trghl  (red)  is  lit,  Ihe  system  is  shut  down  due  to  lault 
condition.  The  specific  fault  will  be  displayed  after  Ihe  purge  sequence  is 
complete. 

III.  ISC.  Fault  CondiKons 

When  the  fault  light  on  the  displcry  panel  Is  red,  the  system  is  in  alcrrm  mode. 
Hard  faults  require  manual  operator  Intervention.  If  the  system  is  lound  in  a  hard 
lauil  condition,  the  operator  must  prrsh  Ihe  system  RESET  button  in  order  to  restart 
Ihe  system.  Dtagnostic  lauil  information  on  Ihe  display  will  be  bsl  once  the  system 
is  restarted,  so  be  sure  to  recad  Ihe  data  lirsl.  Refer  lo  Table  I  for  a  listing  of  the 
faults  for  the  SAL  system.  Refer  to  Ihe  Troubleshooting  section  lor  possible  causes 
and  solutions. 


NOTE:  Be  sure  to  record  the  data  from  the  diagnostic  Fault  display  panel  before 
the  system  Is  restarted  to  avoid  losing  the  intormotion. _ 


When  a  hard  fault  condition  is  initially  discovered,  Ihe  controller  will  check 
the  condition  10  times,  while  the  display  reads  ‘‘WARNING**,  followed  by  a 
description  of  the  fault.  If  the  problem  has  not  corrected  itself  after  10  control 
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loop  passes  (about  10  seconds),  the  system  will  hard  tault.  Atter  3  minutes,  the 
system  will  attempt  to  restart.  If  the  fault  condition  still  exists,  if  will  check  it  iO  times 
before  hard  faulting  again.  The  system  will  attempt  to  restart  itself  a  total  of  3 
limes,  after  which  il  remains  in  hard  fault  until  Ihe  problem  is  resolved.  The  only 
hard  fault  fhal  will  shut  down  Ihe  syslem  immediately  is  “VHI  CELL  CURRENT,"  or 
Very  High  Cell  Current.  The  external  alarm  relay  and  Faull  LED  will  be  aclive  with 
all  hard  fault  conditions. 


Table  1.  Alarm  Description 


ALARM  DESCRIPTION 

SOFT 

HARD 

ALARM 

RESTART  3X 

SOFT  FAULTS 

Master  Off  (Red  Mushroom) 

X 

MlOX  Tank  OK 

X 

MlOX  Tank  Full 

X 

Bad  Float 

X 

X 

Bad  5V  Supply 

X 

X 

Bad  24V  Supply 

X 

X 

Power  Loss  (Screen  Blank) 

X 

X 

HARD  FAULTS 

HI  Oxidant  Temperature 

X 

X 

X 

Hr  Cell  Current 

X 

X 

X 

Low  Cell  Voltage 

X 

X 

X 

Low  Cell  Current 

X 

X 

X 

VHI  Cell  Current 

X 

X 

No  Restart 

low  Pump  Voltage 

X 

X 

X 

low  H20  Pressure 

X 

X 

Power  SSR  Failure 

X 

X 

Note  1 

Nole  1:  .SSR  (Solid  State  Relay)  failure  mode  is  usually  a  shotted  SSR.  Power  supply 
may  slay  energized.  Water  solenoid  valve  will  cycle  one  second  on  curd  one 
second  of!  and  btirte  pump  will  slop.  This  opercrlfon  is  lo  ptoleci  the  cell  and  its 
plumbing  from  high  temperatures.  Cell  may  try  to  boil  dry.  Oxidant  lank  dilution 
will  occur.  Water  flow  to  oxidant  tank  will  continue  until  manually  reset. 

III.I.3.D.  Alaim  Relay  External  Controls 

MlOX  systems  come  with  an  external  an  alarm  relay.  The  Ihree-pin  male 
conneclor  on  Ihe  lefi  side  of  the  control  cabinet  is  the  exietrtal  Alarm  Reby 
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connector.  This  output  supports  a  single  Form  C  relay  with  7A  contacts  at  240  VAC 
and  a  'A  horsepower  rating,  or  ]20  VAC  and  a  Vt  horsepower  rating.  This  output 
may  control  pumps,  valves,  phone  dialers,  radio,  etc.,  and  is  deactivated  during 
any  indicated  faults  tliat  shut  ttie  system  down.  Tire  alarm  function  will  try  to  reset 
and  restart  the  systenr  3  times.  It  all  3  restads  tail  to  get  Ihe  system  inlo  a  proper 
operating  condition,  ttien  the  system  will  stay  tautted.  Approximatety  3  minutes 
will  pass  on  each  fault  before  the  system  will  try  to  restar  t.  Any  time  the  .system  is  in 
an  alarmed  fault  state,  the  Alarm  Relay  output  is  de-active.  Loss  of  main  power 
causes  an  alarm  condition. 

111.1.3. E.  Remote  Communications 

All  ol  Ihe  SAL  series  product  line  supports  external  communications  tor 
remote  display,  datalogger  download,  and  remote  control.  The  onboard 
controller  supports  RS232  output  via  a  serial  port  on  the  MlOX  controller  board. 
This  oirtput,  with  a  modem  or  other  interface  (i.e.  RS485,  R.S422,  terminal  emulation 
software,  etc.),  rrtay  support  numerous  SCADA  and  other  remote  communication 
formats.  Contact  your  distributor  or  MlOX  customer  service  for  details. 

111.1.3. F.  Datalogging 

All  of  the  SAL  series  product  line  supports  datalogging  capability.  Over 
10,000  floating  point  samples  can  be  stored  at  any  one  time.  The  storage  is  in 
EEPROM,  which  can  be  written  over  100,000  times  and  the  data  may  be 
downloaded  by  remote  communications  at  any  time  vfct  serial  port.  To  use  the 
datalogger  capability,  Ihe  user  must  have  access  to  a  terminal  emulation 
software  package  and  Ihe  system  must  be  in  standby  while  the  datalogger  is 
downloading.  Ttie  controller  cannot  record  and  ploy  back  data  at  lire  same 
time.  Contact  your  distributor  or  MlOX  customer  ser  vice  for  details. 
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III.2.  Initial  System  Settings  and  Start-Up 

This  chapter  details  the  inifial  system  settings  and  the  steps  for  initial  system 
start-up. 

111.2.1.  Ensure  that  Installation  Is  complete 

111.2.2.  Electrical  Check 

Verify  that  the  correct  AC  power  is  being  used,  nominal  220  VAC,  single¬ 
phase,  50  lo  60  hertz.  The  SAL-30  and  SAL-40  may  also  use  1 10  VAC  single  phase 
power. 

111.2.3.  Loading  the  Salt  into  the  Brine  Generator 

■Salt  of  the  necessary  purity  is  loaded  into  the  brine  generator.  Make-up 
water  flows  through  a  float  valve  inside  the  4“  PVC  standpipe  in  the  brine  tank. 
Water  flows  out  the  bottom  of  the  pipe  and  through  the  salt,  whore  it  is  converted 
lo  fully  saluraled  brine,  and  then  through  Ihe  brine  filter  and  brine  pump  on  Ihe 
SAL  system  mounting  plale. 

III.2.3.A.  Minimum  Saif  Specifications 

The  MlOX  system  operates  using  sodium  chloride  salt.  MlOX  Corporation 
highly  recommends  99.5%  purity  salt  without  additives  or  preservatives.  Ensure 
that  the  concentralrons  of  calcium  (Ca|  be  less  than  or  equal  to  0.03%,  lliat  the 
magnesium  (Mg)  concentrafron  be  less  than  or  equal  lo  0.02%,  and  that  Ihe 
manganese  (Mn)  tse  less  than  or  equcrl  to  0.005%.  Course  or  extra  course  solar  salt 
and  palletized  salt  may  meet  these  requirements.  Evaporated  (food  quality)  salt 
may  rmeet  these  requirements  as  well,  but  a  quartz  tied  must  be  installed  (see  the 
next  section).  Rock  salt  is  unacceptable  and  will  rapidly  contaminate  the  system. 


NOTE;  Rock  salt  Is  unacceptable  for  use  with  MlOX  cells.  The  contaminants  in 
this  salt  will  rapidly  contaminate  the  system. _ 


Surfactants  (detergents)  are  typically  added  to  salt  pellets  in  order  to  help  clean 
Ihe  ion  exchange  resin  in  woter  softeners  when  the  water  softener  Is  in  the 
regeneration  cycle.  Salt  with  srrrtactants  is  not  harmful  to  on-site  generators,  but  is 
not  recoriimended  because  Ihe  surfactants  will  create  foam  in  the  oxidant 
trarrster  and  hydrogen  veni  piping. 

While  additives  in  general  are  not  recommended  tor  on-site  generators,  there  is 
nothing  inherently  wrong  with  some  additives  including  ion  removal  agents 
present  in  the  salt.  Anti-caking  agents  are  an  acceptable  additive  for  salt  used  in 
on-site  generation  and  may  even  help  the  salt  from  binding  or  bridging  in  the 
brine  generator.  Citric  acid  based  cleansers  are  sometimes  used  to  help  clean 
resirr  in  bn  exchange  water  softeners.  As  long  as  these  cleansers  do  not  have 
surfactants,  they  may  be  permissible.  Experience  will  determine  whether  Iheir  use 
is  acceptable. 


32 


ERDC/CERL  TR-09-28 


B55 


|AWARNING|  pq  igQf  yjg  contains  surfactants.  These  agents  could  create 


foam  that  could  block  the  hydrogen  venting  system. 


111.2.3.8.  QuaiizBed  Insfallafton  (Optional) 

Quartz  bed  installation  is  required  wlien  tinely  grained,  granutar  salt  is  used,  this 
includes  tood  grade  salt.  Fine-grained  salt  particles  can  clog  the  5-miCTon 
pleated  filter  cartridge  installed  downstream  from  the  brine  tank  discharge 
quickly.  To  avoid  Ihis,  a  Iwo-layer  washed  quartz  rock  bed  musi  be  placed  In  the 
bottom  ot  Ihe  lank.  The  bollom  layer  should  be  approximately  7  inches  (18  cm) 
ol  quartz  rock  between  K  and  !4  inch  (0.5  -  1 .3  cm)  in  size.  The  lop  layer  should  be 
approximately  5  inches  (13  cm)  of  quartz  rock  between  1/8  and  'A  inch  (0.3-  0.5 
crrt)  in  size. 


NOTE:  Quartz  rock  Is  required  for  this  application  due  to  its  strength.  Other 
materials,  such  as  gravel  will  not  withstand  the  grinding  caused  by  salt  entering 
the  tank  and  will  quickly  form  and  insoluble  slurry. _ 


III.2.3C.  Initial  Salt  Filling 

1 .  Close  Outlet  Valve  -  Make  sure  the  brine  tank  drain  valve  is  in  the  closed 
position. 

2.  Disconnect  and  flush  the  water  line  at  the  MlOX  Panel  Connection 

3.  Tighten  all  the  Hydraulic  Connections  -  ensure  that  all  hose  fillings  are 
lightened 

4.  Add  Salt  -  Pour  salt  into  the  brine  tank  until  it  is  full.  You  can  fill  salt  all  the 
way  to  the  top. 

5.  Fill  Tank  with  Softened  Water  -  Open  water  supply  valve.  The  system  has  a 
float  that  will  control  the  water  level  in  the  tank.  Do  not  start  the  system 
until  Ihe  appropriate  water  level  has  been  reached,  causing  lire  float  to 
cut  off  Ifow  to  the  tank. 

6.  Allow  Salt  to  Dissolve  -  Aller  tilling  lire  brine  tank  with  salt  and  softened 
water,  allow  30  minutes  for  the  salt  to  dissolve  before  priming  the  brine 
system. 

III.2.4.  Checks  Prior  to  Start-Up 

After  the  system  has  been  installed  by  a  trained  lechnician  and  before 
turning  it  on,  the  tollowing  items  should  be  cliecked: 

] .  Hose  fittings  tightened 

2.  Electrical  connectfons  to  cell  electrodes  good  (75  inch-lbs.  torque) 

3.  Electrical  power  corrneclion  good  (cord  plugged  in) 

4.  Electrical  control  box  securely  closed 

5.  Water  valves  open 

6.  Br  ine  tank  drain  valve  in  closed  position 

7.  Brine  tarik  full  ot  salt 
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8.  Water  softener  connected  and  operating  properly 

111.2.5.  Brine  Pump  Priming 

1 .  Open  Ihe  oullel  vatve  on  Ihe  disctiorge  ol  larine  tank. 

2.  Pump  the  primer  bulb  until  it  is  hard. 

3.  Push  the  pressure  relief  button  on  top  of  the  of  brine  filter.  Ait  will  be 
evacuated.  Continue  to  press  until  primer  bulb  is  soft. 

4.  Repeat  steps  2  &  3  repeatedly  until  Ihe  filter  housing  is  full  of  liquid  brine 
and  Ihe  pressure  relief  button  is  evacuating  liquid. 

5.  Clean  up  any  spilled  liquid  to  prevent  corrosion. 

6.  The  brine  system  is  now  primed  and  the  system  is  ready  lor  operalion. 

Ihe  water  level  in  the  brine  generator  is  designed  to  maintain  water  level 
above  the  pump  heads  in  order  to  ensure  that  the  pump  heads  never  dry  out. 
Dried  out  pump  heads  can  cause  salt  build-up  in  the  brine  pttmp  gears  and  lead 
to  pump  failure. 

III. 3.  Routine  Operations 

III.3.T.  Turn  on  Breaker/disconnect 

The  breaker  is  located  under  the  control  box  and  Ihe  control  box  is  tocaled  in  the 
bottom  bwer  left  ol  Ihe  control  parrel.  Once  the  breaker  is  switched,  Ihe  disptay 
and  system  will  power  up. 

111.3.2.  Rotate  Red  Mushroom  Switch 

Once  the  red  mushroom  switch  is  rotated  clockwise,  the  switch  will  pop  out.  The 
system  ntonilors  the  oxidant  level  switch.  It  Ihe  oxidani  larrk  is  empty,  the  system 
willallempi  to  initiate  Ihe  slarl-up  sequence  and  then  start  looperale. 

111.3.3.  Operating  Window 

Enstjre  Ihe  system  is  in  the  operational  window  by  verifying  that  the  operate 
LED  comes  on. 

The  SAL  series  automatic  corrirol  system  is  designed  to  measure  Ihe  corrcerrlratiorr 
of  Ihe  bine  at  the  cell.  The  electrolytic  cell  receives  a  12  VDC  polerrtiaL 

This  voltage  enables  the  cell  to  reach  the  optimum  current  operating 
range.  Tliese  voltage  and  cirrrent  readings  will  scroll  Ihroirgh  the  2x16  line  dispby. 
The  measured  amperage  should  fall  within  Ihe  foibwing  guidolines: 


SAL-30: 

SAL-40; 

SAL-80: 

70  ±  10% 

90±  10% 

180  A±  10% 

During  rrotmal  operation,  Ihe  amperage  will  lluclucrle  between  Ihe  high 
and  low  values  shown  in  the  chort  above.  The  bine  pump  may  also  step  up  or 
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down,  but  the  pump  control  voltage,  indicated  on  the  display,  should  be 
between  0  and  5  VDC. 

III.3.4.  Start-Up  Sequence 

The  MlOX  system  goes  through  a  start-up  sequence  that  includes  cell  charged 
with  water  and  brine  pump  activation. 

The  following  information  is  displayed  when  power  is  fed  to  the  controller: 

MlOX  CORPORATION 

<Date  software  pogrammed;  Software  veisbn> 

<Month  and  Year  ot  chip  programming:  System  software;  Chip  original 
date,  month/year> 

'At  this  point  the  controller  tests  the  alarm  and  operatfon  lights  by 
tiaving  Ihe  abrm  beep  and  all  LEDs  light 

<Day  of  the  Weel<> 

<Dale> 

<Unrt  Hours> 

The  automatic  controller  varies  the  amperage  by  changing  the  varbble 
brine  pump  potential  in  the  range  from  0  to  5  volts.  If  the  brine  concentration  is 
too  high,  the  brine  fbw  rate  is  reduced  by  slowing  down  the  pump;  conversely, 
loo  bw  a  conceniratbn  is  corrected  by  speeding  up  Ihe  pump.  The  cell 
amperage  will  increase  until  it  stabilizes  in  the  optimcrl  operatirrg  range.  At  this 
point,  Ihe  unit  is  poducing  the  on-site  oxidani  disinfecting  solution. 

When  the  operating  window  is  reached,  the  MlOX  ceil  will  begin  to 
prodrrce  oxidants  and  fill  the  solutbn  tank.  When  the  solrjtion  tank  is  tilled  to  the 
high  level,  the  level  sensor  puts  the  system  into  a  standby  mode.  When  the 
solution  tank  is  drained  of  MlOX  solution  below  Ihe  bottom  level  sensor,  the  system 
will  aulomalically  restart  and  run  until  the  solution  tank  is  filled  lo  Ihe  preset  high 
level. 


|AWARNING|  on-sIte  oxidants  collected  should  be  used  as  quickly  as 

possible  in  treating  raw  water  to  gain  the  maximum  benefit  of  their  disinfectant 
power.  If  the  MlOX  solution  is  stored  for  more  than  30  minutes  before  use,  It  should 
be  stored  In  a  covered  corttolner.  Containers  for  storage  should  be  plastic  (HOPE), 
well  sealed,  and  properly  vented.  MlOX  solution  that  has  been  properly  stored  for 
up  to  5  days  can  be  used  for  disinfection. 


When  the  system  goes  into  standby  mode  becau.se  the  oxidant  tank  high 
level  switch  is  activated,  Ihe  SAL  system  controller  goes  through  a  purge 
sequence  lo  remove  brine  from  the  lines  and  cell.  Biine  in  Ihe  cell  can  cause  an 
adverse  ballery  elleci  that  can  shorlen  Ihe  life  of  the  cell.  During  the  shuldown 
sequence,  the  brine  pump  and  cell  power  are  turned  oti,  but  the  water  solenob 
valve  stays  on  for  a  few  seconds  before  it  is  finally  turned  ott. 
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During  sfart-up  from  the  standby  mode,  the  system  also  goes  through  a 
charge  and  startup  sequence.  When  the  low  level  switch  in  the  oxidant  tank  is 
activated,  the  solenoid  opens  to  allow  water  flow.  After  a  few  seconds  the  brine 
pump  comes  on  at  the  same  speed  that  it  was  tunning  when  it  weni  Into  standby. 
After  a  lew  more  seconds,  cell  power  is  applied.  At  thal  point,  the  system  should 
come  into  Ihe  amperage  "operate”  window  within  a  minute  or  two. 


[AWARNING;  If  yjjy  have  excessive  stops  and  starts,  the  on-site  oxidants  will  be 
diluted  with  stait-up  changes  and  shutdown  flushes.  TNs  can  be  corrected  by 
Installing  a  longer  float  level  sensor. 


III.3.5.  Water  Softener  Operation 

Ensure  that  the  wcrter  softener  is  operating  properly  before  initial  stcrrtup. 
This  can  be  done  by  testing  Ihe  water  tbw  from  the  water  softener  tor  hardness 
with  a  hardness  test  kit  or  strip.  (Test  strips  are  included  with  the  Kinetico®  water 
softener  owner's  manual.)  If  hardness  is  more  than  1  grain  (17.1  ppm),  the  softener 
is  not  funcftonirrg  poperly.  Verily  the  following: 

1.  Feed  Supply  Water: 

The  feed  supply  water  must  be  connected  to  the  proper  Inlet  on  the  water  softener 
head,  with  the  Inward-pointing  arrow  ( 

figure  7).  Water  from  the  softener  to  the  SAL  system  must  be  connected  to 
the  outlet,  w'rth  the  outward-pointing  arrow. 

2.  Check  Valve: 

The  brine  recharge  hose  has  a  check  valve  in  Ihe  middle  of  the  line  with  an 
arrow  lhal  must  be  pointing  from  the  MlOX  brine  lank  toward  the  water 
softener. 

3.  Brine  Tank; 

Verify  that  there  is  sufficient  brine  in  the  MiOX  brine  tank  for  the  water 
softener  to  regenerate.  Conlirm  that  brine  flows  freely  out  of  Ihe  tank. 

HI.3.S.A.  Regeneration  Cycle 

The  softener  operates  "on  demcrnd"  based  on  your  actiral  watrsr  usage.  It 
is  nol  necessary  to  set  any  timers  since  the  regeneration  cycle  is  automatic. 

During  regeneration,  water  flows  up  through  Ihe  media  bed  as  opposed  to 
Ihe  downward  flow  during  service.  The  regeneration  process  tor  bolh  tarrks 
consrsis  of  three  steps:  Brrrre,  Rinse,  and  Backwash.  The  control  disc  on  top  ot  lire 
softener  moves  in  a  ctockwise  direction,  with  Ihe  dot  indicating  Ihe  following 
steps: 


•  Dot  at  i:00  position: 

1 .  Main  Tank  is  in  service;  Remote  Tank  on  hold. 

•  Dot  between  &:00  and  12:00  positions: 

2.  Main  Tank  regenercriing  (Brine/Rinse);  Remote  Tank  in  service. 
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3.  Main  Tank  regenerating  (Backwash);  Remote  Tank  in  service. 

•  Dot  at  12KX)  position; 

4.  Main  Tank  on  hold;  Remote  Tank  in  service. 

•  Dot  between  12:00  and  6:00  positions: 

6.  Main  Tank  in  service:  Remote  Tank  regenerating  (Brine/Ririse). 

6.  Main  Tank  in  service;  Remote  Tank  regenerating  (Backwash). 

Atter  Step  #6,  the  process  begins  again  witii  Step  #  I . 

III.3.S.B.  Manual  Regenerallon 

II  Ihe  brine  lank  should  run  out  of  salt  (or  any  reason,  you  will  have  to 
manually  regenerate  Ihe  unit.  To  do  Ihis,  you  must  list  add  salt  and  Ihen  wait  a 
minimum  of  30  minutes  for  it  lo  dissolve.  Next,  using  a  Phillips-head  screwdriver, 
push  down  on  the  actuator  In  the  center  ol  the  clear  cap  on  top  of  the  control 
valve  and  Isold  down  while  turning  the  screwdriver  clockwise  until  yorr  hear  three 
or  four  clicks  and  water  begins  flowing  throirgh  tlie  drain  line.  Alter  the  water  flow 
stops,  (which  will  be  29  to  90  minutes,  depending  on  the  model),  repeat  the 
rTranual  procedure  lo  be  sure  bolh  resin  tanks  are  regenerated. 

III.3.6.  Water  Softener  Specifications 


Table  2.  Water  Softener  Specifications 


Model  CC208 

Model  CP20B 

Model  CP2T0 

AAaximum  Compensated  Hardness 
(3pg)' 

42 

80 

100 

Service  Flow  Rate  (gpm)’ 

5  1 

Backwash  Flow  (gpmy 

1. 4 

2 

3 

Regeneration  volume  (gal) 

14 

35 

102 

Resin  per  Tank,  cu.  ft. 

0.4 

0.7 

1.5 

Tank  Freeboard  (inches) 

none 

15 

18 

Capacity  per  Cycle,  grains  per  cubic 
foot 

30,000 

17,500 

37,270 

Grains  Exchange  per  Lb.  of  Salt 

3,500 

3,181 

3,727 

Salt  Used  per  Cycle  (lbs.) 

1. 6 

5.5 

10 

Regeneration  Time  (min.) 

1 1 

45 

90 

Water  Used  per  cycle  (gals.) 

77 

148 

180 

Mia/Max.  Operating  Pressure 

1 03.4 -861. 9  KPa  (15-  125  psi) 

AAin./Max.  Operating  Temp. 

2°-49X  (35<’-  I20’F) 

'MaximuiTi  compensaled  hardness  with  #4  Meter  Dsc  in  grains  per  gallon. 
Compensated  Hardness  =  (3  x  (ppm  of  ferrous  Fe  and  Mn))  ^  grains  per  gallon  hardness. 
17.1  ppm=l  grain  =  17.1  mg/L 

’Service  Flow  Rate  is  rated  at  a  1 5  psi  pressure  drop.  Role  is  for  a  low  flow  nozzte. 

’50%  Expansion. 

SODIUM  INFORMAtDN:  Water  conditioriere  usirigsodum  chloride  for  regeneration  add  sodium 
to  the  water.  People  who  ore  on  sodiLfn-restricted  diets  should  corsider  the  added  sodium  CE 
part  of  their  overall  sodium  intake. 
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111.3.7.  Diagnostics 

Diagnoslic  mode  can  only  be  sloled  from  standby  by  pressing  and  Irolding 
the  MENU  button.  (From  operation  mode,  enter  standby  mode  by  pushing  in  tlie 
mushroom  button.  You  can  bypass  the  purge  by  pressing  and  holding  the 
MANUAL  button.)  The  diagnoslic  program  begins  by  testing  the  tunction  of  each 
button  on  the  dispby  panel  (MENU.  MANUAL,  and  RESET). 

The  first  prompt  is  "Pusli  MENU  Switch."  After  you  push  the  MENU  switch,  Ihe 
dispby  will  indicate  “MENU  SWITCH  GOOD."  This  is  followed  by  "Push  MANUAL 
SwI,"  "MANUAL  SWT  GOOD,"  "Push  RESET  SwI,"  and  “RESET  SWT  GOOD."  II  a 
switch  is  not  functioning  correctly,  tire  program  will  nol  conlinue. 

During  the  rest  of  the  diagnostic  sequence,  pressing  MANUAl  will  enter  the 
test  modtrle  indicated  and  pressing  MENU  will  skip  that  lest  module.  Within  each 
test  module,  pressing  MANUAL  will  turn  the  output  item  being  tested  oft  and  on, 
and  pressing  MENU  will  skip  lo  Ihe  next  turrcliorr.  Pressirrg  MANUAL  will  also 
incrernerrl  the  functiorr  where  appropriate  (ex.  clock),  and  pressing  RESET  will 
decrement  Ihe  function  where  approprtale.  You  must  press  and  hold  ihe  button 
to  initiate  the  function. 

111.3.8.  Testing  Outputs 

Press  MANUAL  to  enter  the  test  module  and  to  turn  each  test  item  off  and  on; 
press  MENU  to  skip  the  test  module;  A  function  must  be  turned  off  before  skipping  to 
the  next. 

•  TEST  H20  VALVE/H20  VALVE  IS  OFF 

Pushing  MANUAL  will  turn  on  Ihe  water  solerroid  valve;  pushing 
MANUAL  again  will  lurn  il  oft. 

.  TESTING  ALARM/ALARM  IS  OFF 

Pushing  MANUAL  will  lurn  on  Ihe  alarm  relay;  pushing  MANUAL  again 
will  turn  it  off. 

.  TESTING  PWRENBL/PWRENBL  IS  OFF 

Pushing  MANUAL  will  turn  on  the  main  voll  power  supply;  pushing 
MANUAL  again  will  turn  if  off.  PWR  ENBL  is  electrically  interlocked  with 
the  red  mushroom  switch.  The  ted  ntushroorn  switch  must  be  up  for 
Ihe  errable  to  work. 

III.3.?.  Testing  Inputs 

Press  MANUAL  to  enter  the  test  module:  press  MENU  la  skip  the  test  rmdute 
and  to  skip  from  one  inpul  test  to  the  next;  Must  lest  manually  by  rnanipubling  Ihe 
physical  item  off  and  on;  0  =  closed  (on),  I  =  open  (off) 

•  MASTER  ON  SWT  1 

Releasing  the  red  mushrrxrm  button  should  toggle  lo  a  "0”;  pushing 
the  red  mushroom  txitton  down  should  toggle  back  to  a  "  1 " 

•  H20  PRESSURED  or  1 


38 


ERDC/CERL  TR-09-28 


B61 


Cbsing  the  water  supply  value  and  relieving  water  pressure  at  the 
pressure  switch  should  indicate  0.  Restoring  pressure  should  indicate 
t. 

•  LOW  FLOAT  0  or  1 

Indicates  "O”  if  bollom  level  floal  in  oxidani  lank  is  down;  indicales 
"I"  if  float  is  up 

•  HI  FLOAT  Oort 

Indicates  "0”  if  top  level  float  in  oxidant  tank  is  down;  indicates  "  1 "  il 
float  is  up 

III.3.T0.  Testing  Analogs 

Press  MANUAL  to  enter  the  test  module;  press  MENU  to  skip  the  test 
module  and  to  skip  from  one  analog  test  to  the  next;  Cannot  turn  analogs  off  and 
on;  simply  reads  the  value  being  measured 

•  CELL  AMPS 

Should  be  <  10,  since  unit  is  not  operating 

•  CELL  VOLTS 

Should  be  <  2,  since  unit  is  nol  operating 

.  PUMP  VOLTS 

Will  read  between  0.1 10  and  .130,  since  the  pump  volts  cannot  be 
set  to  zero 

.  5.00VDC 

Tests  5V  power  supply;  should  read  >4..S  and  <5.5;  <  4.50  goes  to  standby 

•  CELL  TMP  IN  (I  rdet  water  temperature) 

Tests  inlet  water  temiDerature;  should  read  >42°F  ;  olherwise  goes  lo  hard 
fault 

24.00V  DC 

tests  24V  power  supply;  should  read  >22.00  and  <26.0;  <  22.00  goes  to 
standby,  soft  fault. 

•  CELL  TMP  EX  (outlet  oxidant  temperature) 

Tests  outlet  oxidani  lernpeialure;  should  read  <135"F;  otherwise  system  goes 
into  cuneni  foldback  mode  and  gives  warnings.  II  Outlet  Temp  exceeds 
I50‘F,  system  will  hard  fault. 

III.3.11.  RT  Clock  Setup 

Real  Time  Clock  k  In  a  24-hr.  format;  pressing  MANUAL  enters  the  test 
rrrodute  and  then  Indicates  “The  RTC  is  otr";  MENU  skips  test  module  and  skips  lo 
next  function  within  this  module,'  MANUAL  increments  the  number;  RESET 
decrements  the  number 

•  Set  Minutes 

•  Set  Hours  (use  military  time  (24  hr.  clock)) 

•  Set  Day  of  Week  (cannot  be  deaemenled) 

•  Sel  Day  of  Morjlh 

•  Sel  Monlh 

•  Set  Year  (Year  Compliant;  when  moving  forward,  goes  from  99  to  0; 
when  moving  backward,  goes  from  0  to  99) 
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•  After  you  have  finished,  the  dispiay  will  show  the  day.  daie,  and  time 
you  have  selected. 

111.3.12.  Unit  Hours 

Press  MANL/At  and  KESBJ  simultaneously  and  hold  to  set  the  run-time 
clock  to  zero  hours;  press  and  hold  MENU  to  skip  module 

Indicates  number  of  hours  on  the  cell  lo  the  terrih  of  an  hour. 

This  function  is  orriy  lo  be  used  wherr  irrstalling  a  new  cell. 

111.3.13.  Datalogger  Information 

Press  and  hold  MENU  lo  skip. 

This  is  the  address  artd  chip  inlomicrliorr  lor  the  dalalogyer.  The  slarfirrg 
point  is  shown  as  39  0  when  datalogger  is  zeroed. 

III.3.T4.  Thermal  Reading  Format 

Foibwing  the  databgger’  Information,  the  2x16  display  states  which  mode  for  of 
thermal  information  is  displayed  (T/"C).  Press  MENU  when  the  formal  of  choice  is 
seen  and  that  format  will  be  stored  in  Ihe  controller  memory,  and  then  re-boot. 

Upon  rebooting,  the  display  will  read  "MlOX  CiDrporation"  on  the  fist  line 
and  the  unit  model  on  the  second  line.  The  system  will  then  automatically  restart, 
by  beginning  to  operate  or  entering  standby,  depending  on  its  previous  statirs. 
(To  resume  operation  from  a  standby  mode,  turn  and  release  the  mushroom 
button.) 
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IV.  Maintenance 


|aCAUTION|  safety  precautions  and  warnings 

•  Disconnect  power  before  working  on  units. 

•  Do  not  cleteat  or  laniper  with  electrical  interlocks  or  bckout  mechanisms. 

•  Any  process  that  involves  electrolysis  of  water  liberates  hydrogen  gas. 
Hydrogen  gas  could  cause  an  explosive  situatfon  if  ignited  in  an  oxygen 
atmosphere.  Proper  venting  ol  the  oxidant  lank  is  mondatorv. 

•  Always  assume  hydrogen  is  in  and  around  Ihe  oxidant  lank.  Remove  the 
oxidant  tank  lid  and  vent  the  tank  at  least  one  hour  prior  to  tank 
maintenance.  Ensure  that  the  facility  is  adequately  ventilated. 

•  NO  flames  or  ignition  sources  in  or  around  the  oxidant  tank. 

»  Use  confined  space  procedures  prior  lo  entry  to  Ihe  oxidant  tarrk. 

•  Do  not  add  other  chemicals  to  the  oxidant  tank. 

•  Always  folbw  the  plumbing  and  venting  procedures  recommended  by 
MlOX  Corporation.  Consult  MlOX  Corporafron  or  an  engineering 
professional  prior  lo  making  changes  to  piping  in  oxidant  tanks 


^WARNING 


IV. 1.  General  Periodic  Maintenance 

The  MlOX  system  should  be  monitored  period'tcally  to  ensure  that  the  unit  is 
rurrning  properly.  MlOX  recommends  daily,  weekly,  monthly,  and  quarterly  check. 
In  order  lo  maintain  a  history  of  system  performance  and  assist  in  Iroubleshooling 
and  warranty  work,  a  suggested  log  is  shown  in  Figure  12.  It  is  recommended  that 
this  bg  be  kept  near  the  MlOX  system  for  easy  record  keeping. 

IV.1.1.  Dally  Maintenance 

Check  the  Salt  Level  -  There  must  always  be  ample  sail  in  the  brine  lank  for 
MlOX  system  use,  as  well  as  water  sollener  tegerrerallon.  MlOX  recommends 
kreeping  cr  minirTrum  ot  I  tool  |0.3  rTteters)  of  salt  in  Ihe  lank  at  all  limes. 

Recorrd  Operation  Parameters  -  the  MlOX  System  fog  Sheet  that  is  provided 
(■Figure  12^  records  the  date,  name  of  operator,  appropriate  water  system 
parameters,  hours  on  the  SAL  system,  cell  voltage  (Cl),  amperage  (A),  pump 
voltage  (PI),  and  pounds  ol  salt  added,  il  any.  Since  both  operating  hours  and 
brine  pump  voltage  (PI)  are  displayed  on  the  bollom  right  of  Ihe  screen,  Ihe  user 
will  have  lo  toggle  the  menu  bullon  lo  change  display  screens. 
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ACAUTON  Dyripig  fj,5|  fgyy  wcsks  of  operation,  ft  Is  critical  to 
check  the  SAL  system  more  frequently  to  Identify  and  solve  site-specific 
problems,  fine  tune  the  Injection  rate,  and  tighten  any  connections  that 
may  have  loosened  during  sNpping. 


IV. 1.2.  Weekly  Maintenance 

Check  Feed  Water  Pressure  (  25  psi  -  100  psi;  172  kPa  -  489  kPa)  -  The  feed 
waler  piessure  ol  some  water  syslerns  tends  to  fluctuate.  It  water  pressure  goes 
below  25  psi  (172  kPa)  or  above  100  psi  (689  kPa),  it  could  damage  Ihe  MlOX 
system.  To  protect  against  bw  water  pressure,  a  low  laessure  cutott  switch  is 
included  in  the  piping  manifold  to  put  the  system  in  standby  It  the  water  pressure 
drops  below  20  psi  (138  kPa).  It  isressure  is  restored,  the  system  will  restart 
automatically.  It  pressure-related  faults  are  encountered,  measures  must  be  taken 
by  Ihe  water  system  to  adjust  the  feed  water  pressure.  For  instance,  if  teed  water 
pressure  is  greater  than  tOO  psi  (689  kPa),  a  pressure  regulator  can  be  added  to 
lower  Ihe  i^ressure  to  a  range  of  50-70  psi  (365  -  383  kPa). 

Check  for  Leaks  -  Ensure  that  hoses  and  fittings  are  tight  and  leak-tree.  Any 
leaks  found  can  usually  be  corrected  with  Spears  blue  75  thread  seatant.  Do  not 
put  paste  near  the  brine  pttmp  or  water  softener. 

If  the  cell  perimeter  is  seeping,  tighten  all  perimeter  bolts  to  50  inch-lbs. 

Check  Ihe  brine  pump  fillings  regularly  for  seepage  and  check  the 
connections  to  verify  that  there  is  no  salt  around  the  fbnge  sealing  area 

Check  for  Loose  Connections/Corrosion  -  Check  cell  leads  and  Irrgs  tor 
corrosion.  For  light  corrosion,  clean  cell  leads  and  lugs  with  sandpaper  or  a  wire 
brush.  If  severe  corrosion  is  present,  replace  the  cell  lead.  Tighten  all  connections 
to  75  inch-lbs.  torque. 

Check  lire  cell  lead  conrreclions  al  Ihe  power  supply  inside  the  control 
box.  Make  sure  connectbns  are  light  and  corrosion-free.  For  light  or  severe 
corrosion,  repeat  the  steps  above  accordingly.  Again,  tighten  the  connection  to 
75  inch-lbs.  torqrre,  it  necessary. 
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MIOX  System  Log  Sheet 


MIOX  Systom  Serial  Number:  MIOX  Cell  Serial  Numbei: 


0c4e 

Water 
Meter 
Reading 
(#  of  aals) 

Water 
Produced 
Since  Last 
Reading 

System 

FAC 

Measured  at 

MIOX 

System 

Hours 

Volts 

(Cl) 

Amps 

(A) 

Pump 

Volts 

CPI) 

Pourtds 

Sdt 

Added 

Comments 

Figure  12.  MIOX  System  Log  Sheet 


Notes/Comments: 
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Check  Buss  Bar  Connections  -  Cell  electrical  connections  will  always  be  warm  to 
the  touch,  but  should  never  be  hot  (>85  °F;  29  “C).  Heating  increases  exponentially  as  a 
tunction  ot  resistance:  a  better  connection  provides  less  resistance,  and  thus,  less 
heating.  If  a  ternperatuie  gauge  Is  not  available,  Ihe  user  should  be  able  to  keep  his 
hands  on  Ihe  cell  connections  for  an  exietrded  period  of  time.  Shock  hazard  is  low 
since  Ihe  cell  operates  al  12  VDC.  If  the  cell  connections  are  running  hoi,  immediately 
shut  down  Ihe  system  ('Section  10.9). 

With  the  system  off.  first  remove  the  cell  lead  to  the  cell  to  verify  a  good 
connection  and  no  corrosion.  It  the  cell  lend  is  fine,  then  remove  the  flange  nuts  and 
Ihe  buss  bar  and  check  for  signs  of  corrosion  on  Ihe  flange  ntrts,  as  well  as  both  sides  of 
Ihe  buss  bar.  Corrosfon  on  Ihe  buss  bar  can  easily  be  removed  with  emery  cloth  or  fine 
sandpaper.  Corroded  llange  nuts  can  be  clearred  or  replaced.  Be  certain  to  check 
inner  flange  nuts  and  tighten,  if  necessary.  Do  nol  apply  significarri  lorque  to  Ihe  irtrier 
llange  nuts.  Their  only  functbn  is  to  compress  an  O-rtng  in  Ihe  cell  housing.  Additional 
torque  beyond  that  required  (less  than  5  inch-lbs.)  to  compress  the  O-ring  could 
damage  the  electrode  plate,  or  snap  the  stud  oft  ot  the  electrode  plate,  which  would 
require  cell  replacement. 


NOTE:  Electrical  grease  or  petroleum  Jelly  can  be  used  externally  to  help  prevent 
corrosion  on  contacts.  Contact  Interfaces  need  to  stay  dry  and  dean. _ 


Reassemble  the  buss  bar,  outer  flange  nuts,  and  the  cell  leads,  and  tighten  the 
outer  flange  nuts  to  75  inch-lbs.  torque. 


NOTE:  Nuts  holding  the  cell  lead  onto  the  buss  bar  and  the  buss  bar  onto  the  stud 
may  loosen  during  the  tirst  few  weeks  ot  operotioa  Be  certain  to  check  and 
tighten  these  more  frequently  after  Initial  startup. _ 


Check  Chlorine  (FAC)  Production  -  Check  and  note  chlorine  production  on  the 
MlOX  System  Log  Sheet  (Figure  12)  to  identify  trends  over  time. 

Check  Water  Softener  (<  1  grain)  -  Test  walei  flow  from  the  water  softeriei  with  a 
hardness  test  kit  to  ensure  that  the  softener  is  functioning  pro|5erly.  Water  should  be  less 
than  I  grain  ( 1 7. 1  mg/I)  hardness. 

IV. 1.3.  Monthly  Maintenance 

Check  Power  -  Verity  lhal  AC  voltage  is  coirect.  The  SAL  systems  utilize  220  VAC 
+/- 10%„  single  pliase  power. 

Toggle  Day  Tank  Float  Switch  -  The  system  is  in  standby  when  both  floats  are  up. 
At  this  point,  manually  push  both  floats  down  to  verity  that  the  system  operates.  Floats 
should  move  smoothly  approximately  1/2“  in  either  direction.  When  both  floats  are 
puslied  down,  on-site  oxidant  productfon  should  begin. 

Check  Flows  -  Test  flows  separately  from  the  anode  and  Ihe  cathode  by 
measurirrg  trow  much  of  a  container  is  filled  within  a  specified  lime  period.  Flows  front 
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the  SAI.-80  should  be  approximately  10  gph  trom  the  anode  and  5  gph  trom  the 
cathode.  It  tlow  varies  ±  2  gph  from  the  values  stated  above,  adjust  the  tbw  using  the 
flow  control  valve.  The  flows  from  the  SAL-30  should  be  approximately  5  gph  and  2.5 
gph  and  those  from  the  SAL-40  about  8  gph  and  4  gph.  It  in  standby,  push  Ihe  manual 
mode  button,  and  then  lei  tire  system  operate  for  I  minute  and  check  Ihe  flows  again. 
Rei^eat  this  procedure  unlil  flows  are  wilhin  range. 

IV. 1.4.  Quarterly  AAaIntenance 

Clean  Brine  Tank  and  Solution  Tank  -  Using  a  wet  tag,  wipe  down  the  interior  ol 
Ihe  brine  tank  to  remove  any  diti  or  buildup.  II  is  a  good  idea  to  completely  drain  and 
clean  Ihe  Mne  tarrk  every  year  lo  remove  build-up  lhal  can  be  up  to  several  inches 
thick.  It  is  also  a  good  idea  lo  drain  and  clean  Ihe  solution  lank  annually  to  remove 
pcrrticulates.  Avoid  any  ignition  sources  in  the  vicinity  ot  the  oxidant  tank. 

Clean  or  Replace  the  Brine  Filter  and  Water  Filter  -  The  brine  and  water  filters  are 
Ihe  same  5-micron  10  inch  standard  typo  unit  for  removal  of  particulate  matter.  The 
brine  lillet  is  bcated  next  lo  Ihe  brirre  pump  on  the  lower  lell  side  of  Ihe  unit  and  Ihe 
water  filler  is  bcated  prior  to  Ihe  water  sollener  or  unit.  The  system  should  be  oil  or  itt 
standby  mode  when  lilters  are  removed  or  tepbced.  Visually  inspect  Ihe  filler  lor 
clogging  and  debris.  It  tlow  is  restricted,  the  filter  should  be  replaced.  Reinstall  Ihe  tiller. 
Discard  the  old  filters  according  to  bcal  environmental  codes. 


I  NOTE:  When  replacing  the  brirre  filter,  do  not  splash  the  brirre  pump. 


Check  Corrtrol  Box  Wiring  Connections  -  Ebclrical  healing  and  cooling  cycbs 
may  loosen  connections.  After  turning  the  system  power  off,  check  all  connections  tor 
lightness  by  gently  tugging  on  them.  Tighten  down  any  bose  screws  or  bolts.  Vr/ires 
should  be  clean,  dry,  and  corrosbn-tree. 
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System  Checklist 


Check  Salt  Level 
(Fill  to  top  of  lank) 

V 

Record  Operation  Parameters 
(See  log  sheet) 

Check  Feed  Water  Pressure 

V 

Check  for  l.eaks 
(Hoses,  lank,  cell,  etc.) 

V 

Check  for  Loose 
Connectlons/Corroslon 

V 

Check  Buss  Bar  Connections 
(Warm  to  touch) 

v 

Check  Water  Softener 
( <  1  grain  hardness) 

V 

Check  Chlorine  Production 
(See  Section  10.6  In  manual) 

Check  Power 
(220  or  no  VAC) 

Check  Flow’s 

V 

Clean  Brine  Tank 
and  Solution  Tank 

V 

Clean  or  Replace  Uie  Brine  and  Water 
Filler 

V 

Check  Control  Box 
Wiring  Connections 

V 

Figure  13.  MlOX  System  Checklist 


IV.1.5.  Electrolytic  Cell  Replacement 

Generally,  the  cell  will  have  a  pioduction  lile  ol  several  thousand  hours. 
However,  the  lite  ol  the  cell  is  affected  by  salt  and  water  quality,  water  hardness,  pH, 
and  alkalinity.  It  is  essential  that  i.  99.5%  pure  salt  is  used,  with  concentrations  ol  Ca  s 
0.03%,  Mg  5  0.02%,  and  Mn  s  0.005%.  If  the  following  four  conditions  exist  simultaneously, 
a  replacement  cell  mtay  be  required: 

a)  The  cell  amperage  is  in  the  required  window  and 

b)  The  flow  through  the  cell  is  normal  BUT 
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c)  Chlorine  production  is  significantly  below  level  shown  in,  and 

d)  Salt  consumption  is  increased. 

Retuniria  the  old  cell 

•  Contact  MlOX  Corporation  Customer  Service  to  obtain  a  return  merchandise 
authorization  (RMA)  number 

•  Pack  cell  in  origincrl  packing  materials  or  an  appropriate  substitute  lo  prevent 
damage  during  shipping. 

•  Note  the  installation  site  name,  system  serial  number',  and  number  ol  hours  the  cell 
has  been  used.  Enclose  this  information  with  the  cell. 

•  Send  Itie  package  freight  prepaid  to; 

MlOX  Corporation 
ATTN:  Customer  Service 
5601  Balloon  Fiesta  Parkway  NE 
Albuquerque,  NM  871 13 

Please  see  Appendix  D  for  more  details  concer  ning  cell  installation  and  replacer'nent  or 
call  yotjr  MlOX  distr  torttor  tor  questions  regarding  service  or  cell  repbcer'nent. 

IV.2.  Storage  of  Equipment 

II  the  system  will  be  oft  for  a  prolonged  time  perbd,  water  feed  to  the  MlOX 
system  should  be  turned  ott  at  the  inlet  to  the  water  softener.  In  additbn,  the  iDrir-re 
tank,  tubes,  and  piping  should  be  drained,  and  the  brine  pump  should  be  flushed  with 
clean  water.  The  system  can  also  be  irnplugged. 

It  the  system  is  being  shut  down  for  the  winter,  the  water  softener  shoub  be 
protected  from  freezing,  either  by  heating  Ihe  room,  removing  the  softener  to  a  healed 
localion,  or  drairring  Ihe  softener.  It  the  SAL  syster'n  is  cor'npletely  drained,  the  system 
itself  does  not  have  to  be  relocated.  Draining  includes  Ihe  hecrt  exchanger  in  Ihe 
control  panel,  the  electrolytfo  cell,  the  brine  tank,  and  all  piping.  The  brine  pump 
should  be  purged  w'rth  fresh  water  before  draining.  Dried  salt  in  the  brine  prtmp  head 
can  cause  startup  diffrcuittes  when  the  unit  is  restarted.  If  compressed  air  is  avaibble 
|<50  psi;  .345  kPa)  blow  out  all  passages.  The  heal  exchanger  in  Ihe  control  box  will  nol 
drain  enough  lo  prevent  it  Irom  freezing.  Compressed  air  or  a  non  freezing  coolani 
should  be  added  lo  Ihe  heat  exchanger  If  the  system  will  see  freezing  lernperalures. 

IV.3.  System  Shutdown  Procedure 

This  sequence  lot  shuldowrr  ol  Ihe  MlOX  syslem  is  designed  lo  properly  Hush  Ihe 
electrolytic  cell  and  help  rnainlain  the  overall  condition  of  Ihe  MlOX  equipmerri.  Wlterr 
turning  Ihe  system  off  lor  any  period  of  lir'ne,  il  is  irTtporlanI  lo  follow  this  sequence; 

1 .  Push  in  the  red  Mushroom  /  Master  Switch. 

2.  Wait  30  seconds  while  the  system  performs  a  shut  down  purge  cycle. 
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3.  Purge  the  brine  pump  by  isolating  the  brine  generator  outlet  valve  and 
disconnecting  the  sucfion  line  to  the  brine  pump.  Connect  a  water  source  to  the 
suction  side  ot  the  brine  pump. 

4.  Start  Ihe  system  to  flush  the  pump  with  brine-tree  water. 

5.  Turn  the  red  mushroom  buttorr  to  Iheotl  |X)silfon 

6.  Flip  Ihe  "main"  power  swilch  to  Ihe  OFF  position. 

7.  Drain  Ihe  oxidant  larik(s)  and  drain  controller  and  cell  if  freezing  will  be  cr  problem. 

8.  Disconnect  the  |X)wer  source 
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V.  Troubleshooting 

This  section  outlines  the  most  common  system  problems  that  require 
Iroubleshooting  and  maintenance.  Specity  fault  alarms  and  recommended  actions 
are  also  presented. 

V.l.  Water  Quality,  Chemistry,  and  Hardness 


The  quality  arrd  chemistry  ot  the  raw  wafer  source  plays  a  critical  role  in  Ihe 
disinfection  effectiveness  of  Ihe  cell.  Factors  such  as  pH,  hardness,  temperature, 
microbial  types,  and  turbidity  vary  greatly  and  affect  the  oxidant  demand  of  each 
individual  water  system.  These  factors  mcry  need  to  be  reanalyzed  as  part  ot  the 
troubleshooting  process,  especially  if  significant  changes  to  the  water  supply  have 
occurred.  Oxidant  demand  can  only  be  accurately  determined  through  an  oxidant 
demand  lest.  See  Appendix  D  -  Procedures,  "Oxidant  Demand  Testing"  for  further 
rrrformalion. 

The  raw  watrsr  source  mcry  also  impact  the  oxidant  production  of  the  MlOX  system  (See 
Appendix  D  -  Procedures,  "Water  Quality")  Because  water  quality  ccrn  vary  frore 
season  to  season,  it  is  important  that  the  "worst  case"  measures  are  used  in  calcubting 
the  injection  rate  and  determining  if  the  water  is  the  source  ot  the  problem.  System 
feed  water  with  liardness  greater  than  1  grain  must  te  softened.  Softened  water 
enhances  the  life  of  the  cell  and  reduces  system  maintenance.  Although  dissolved 
magnesium  and  calcium  are  responsible  for  causing  hard  wcrier,  other  parameters 
should  te  measured  to  ensure  they  are  below  the  system  specs.  If  a  value  is  exceeded, 
it  may  be  possible  to  remove  the  substance  from  the  source  water  stream  using  filters. 


V.2.  Electrical  Power 

MlOX  Corporation  recommends  placing  each  unit  on  its  own  circuit.  High  load, 
start-up  devices,  including  pumps,  compressors,  and  welders  connected  to  the  same 
circrrit  as  the  MlOX  system  could  create  power  spikes,  surges,  and  bown-orrts  problems. 
Required  power  specifcafrons  and  conditions  for  a  SAL  series  system  are  as  follows: 

•  Reliable  arrd  IrarrsienI  tree  power 

•  Proper  grounding 

•  Avoid  ground  loop  conditfons 

•  Avoid  power  spikes,  surges,  and  brown-outs 

•  AC  single  phase  and  50  or  60  Hz  power 

•  Dedicated  circuits  for  each  system: 

•  220  VAC  convenlional  grounded  3-prong  IwisI  plug 

•  I  to  VAC  convenlional  grounded  3-prong  plug 

If  the  voltage  variation  to  the  SAL  unit  is  greater  than  plus  or  minus  10  percent  or 
is  subject  to  power  interruptions,  electrical  storms,  nonstandard  grounding,  or  harmonic 
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effects,  MlOX  Corporation  recommends  instaltotion  of  a  line  conditioner,  UPS,  or 
lightning  arrestor  in  order  to  protect  the  sensitive  electronics  in  the  control  box.  Line 
conditioning  equipment  is  available  from  most  electrical  supply  stores.  The  warranty  will 
be  void  it  a  system  failure  can  be  traced  to  a  poor  power  source.  If  you  need  technical 
assistance,  please  conlaci  youi  local  disliibuloi  or  fvIlOX  Coiporatfon. 

All  MlOX  Corporation  units  require  a  good  earth  ground,  both  for  personal  safety 
and  safety  of  the  unit.  The  surge  protectbn  devices  inside  the  unit  cite  ineffective 
without  o  good  earth  ground.  A  common  point  earth  is  the  green  wire  in  our  power 
cable.  Although  the  equipment  may  have  Ixith  high  voltage  (1 10  or  220  VAC)  and 
high  current,  il  is  safe  if  properly  wired  and  installed. 


AWARNING,  ^11  j^iox  Corporation  units  require  a  goisd  earth  ground.  A  neutral  Is  jigt  a 
substitute  lor  an  earth  ground.  Electrical  wiring  to  all  MlOX  Corporation  units  should  be 
wired  by  a  certified  electrician  and  on  a  separate  circuit  from  other  power  devices  such 
as  pumps.  MlOX  Corporation  cannot  be  held  responsible  for  units  wired  Improperly  or 
that  fail  to  meet  UL  Standard  for  Safety  or  National  Electric  Code  CNEC)  requirements.  If 
the  unit  Is  improperly  grounded,  the  MlOX  Corporation  warrarrty  Is  void. 


V.3.  Power  Usage 

The  SAL  cell  runs  al  approximately  12  VDC  with  a  power  supply  unil  provided  for 
lhal  purpose.  The  other  comporrenis,  including  Ihe  brirre  pump,  the  water  solenoid, 
thermowell  and  the  control  Lxsard  operate  at  approximately  24  VDC  with  a  sepcrrate, 
but  smaller,  power  supply,  the  system's  duty  cycle  and  daily  power  consumption  are 
dependent  upon  the  amount  ot  oxidant  solution  required. 

V.4.  Water  Pressure  and  Line  Conditions 

The  water  feed  line  for  SAL  units  must  accommodate  water  flow  to  toth  the 
MlOX  system  and  to  the  softener  during  regeneration.  A  minimum  SUSTAINED  pressure 
of  25  psi  is  required  to  operate  the  SAL  systems.  The  pressure  should  never  drop  below 
25  psi.  The  maximum  pressure  should  not  exceed  100  psI  (68?  kPa).  For  srjppty  pressure 
over  100  psi  (689  kPa),  auxiliary  pressure  reduction  is  needed.  The  optimal  pressure 
rarrge  is  35  to  75  psi  (24]-5i7  kPa)  and  the  normal  operating  line  pressure  should  not 
vary  more  than  10  psi  (69  kPa) 

Approximate  rec|uired  teed  ttow  values  are  as  lollows: 

,SAL-30  6.3  gph  (23.8  Lph) 

SAL-40  8.2  gph  (31.0  Lph) 

SAL-80  1 6  gph  (60.6  Lph) 


NOTE:  Feed  water  must  be  free  of  all  particulate  matter.  The  in-line  brine  and  water 
filters  should  be  installed  before  the  water  softener  and  before  the  MlOX  unit. 
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V.5.  Temperature  Conditions 

V.5.1.  Feed  Water  Temperature 

It  the  water  temperature  goes  below  50  °F  (10  °C),  the  cell  will  be  rendered 
inoperable  within  a  short  period  of  lime.  Problems  lesulting  from  cold  temperature  can 
be  solved  with  an  in-line  heater.  It  the  temperature  exceeds  the  maximum  ol  85  °F  (29 
°C),  chlorine  taroduclion  will  not  be  affected,  but  the  oxiclanis  will  votalillze  more  quickly 
in  Ihe  oxidani  solulfon  lank.  Al  even  highei  lemperaluies,  Ihe  cell  will  be  damaged, 
and  Ihe  waler-cooled  heal  exchanger  will  nol  be  elleclive  in  cooling  Ihe  power 
supply. 


NOTE;  Foilute  of  Ihe  syslern  lhal  can  be  traced  to  improper  temperature  condilfons  is 
not  covered  under  Ihe  MlOX  warranty. _ 


The  thermowell  not  only  monitors  Ihe  inlet  and  outlet  temperatures,  the 
diflerence  irr  lemperalures  belweerr  Ihe  cell  Inlet  atrd  oullel  is  monilored.  The  cell 
control  logic  utilizes  a  scheme  whereby  Ihe  power  to  the  cell  is  conslani  under  normal 
conditions.  Under  these  condrfrons,  the  temperature  rise  through  the  cell  has  a  direct 
correlation  to  the  flow  through  the  cell.  If  the  cell  flow  drops,  the  temperature  rise 
through  the  cell  into-eases.  Likewise,  if  the  cell  flow  inaeases,  the  temperature  rise 
decreases.  This  correbtion  between  temperature  rise  and  tbw  is  very  linear  and 
consistent.  By  monitoring  the  cell  differential  temperature,  flow  through  the  cell  is 
monilored.  Cell  tbw  can  be  influenced  by  a  varrely  of  thirrgs,  including  calcium 
catborrale  buibup  withirr  Ihe  cell,  inadequate  water  supply  pressure  to  Ihe  system  and 
flub  line  leaks. 

V.5.2.  Ambient  Air  Temperature 

The  ambient  air  temperature  must  not,  under  any  conditions,  drop  below  35  "F  (2 
°C)  or  exceed  1 10  “F  ('IS  °C).  Temperatures  oulskle  ol  the  opiimal  range  (35  “F  -  1 10  °F, 
2  "C  -  43  °C)  can  damage  the  system  and  render  il  inoperable,  as  well  as  reduce  Ihe 
operating  efficiency.  II  Ihe  system  is  going  to  be  stored  indelinitely,  all  water  lines 
should  be  drained,  this  is  pctrtfcularly  important  for  the  water  cooled  heat  exchanger 
that  provides  cooling  air'  fbw  tor  the  main  power  supply  located  inside  the  power 
supply  cabinet. 


NOTE:  Air  temperature  considerations  must  be  based  on  the  relative  heat  index,  which 
accounts  tor  both  humidity  and  temperature. _ 


V.6.  Trouble  Shooting  Guide 


SOFT  FAULTS 


1  J.  Displcty  React: 

\  TN  STANDBY 

a)  The  system  was  put  into 
standby  manually. 

a)  Restart  system  by  rot^g  the  knob.  | 
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MASTER  OFF  (RED 
MUSHROOM) 

Explanation: 

The  system  has  been  put 
into  standby  manually 

2.  DLs-plm  Reads: 

IN  STANDBY 

LOW  H:0  PRESSURE 

Explanation: 

Insufficient  feed  water  to 
the  system. 

a)  Sudden  loss  of  feed  water 
to  cell. 

b)  Low  pressure  surges  in 
feed  line  due  to  main 
pump  sliutdown  causes 
suction  in  supply  line. 

c)  niockfiac  of  teed  line. 

a)  Ensure  feed  water  valve  i«  open.  Check  if  water 
softener  is  working,  Check  for  water  leaks. 

b)  Ensure  feed  water  supply  pressure  always 
exceeds  25  psi  ,  Ensure  feed  waler  supph’ 
pressure  is  less  than  LOO  psi.  Check  if  water 
softener  is  w«*king.  Check  for  water  leaks. 

c)  Check  all  bibing  and  piping  for  blockage  and 
remove  any  obstructions. 

3.  Displ(^  Reads: 

IN  STANDBY 

MIOX  TANK  OK 

Explanation: 

Oxidant  solution  is  between 
high  and  low  level  set- 
points 

a)  Oxidants  in  solution  tank 
are  being  used  (nomial 
operalicMi). 

a)  Push  MANUAL  button  to  override  and  start  unit 
again.  (This  will  fill  the  oxidant  tank  until  full.) 

4.  Dispii^  Reads: 

IN  STANDBY 

MIOX  TANK  FULL 

ExplancOion: 

Oxidant  solution  has 

reached  tlie  top  level. 

a)  Solution  tank  is  full 
(normal  eperation), 

a)  N/A 

5.  Duplex  Reads: 

IN  STANDBY 

BAD  FLOAT 

a)  Top  level  switch  stuck  up 
and  /or  bottom  level 
switch  stuck  down. 

a)  Check  MIOX  solution  switch  for  free  movemerW 
(botli  top  and  bottom). 

Explanesion: 

Solution  tank  level  switch 
not  operating  properly, 

b>  Electrical  connections  are 
loose. 

c)  Replace  level  switch 
iiHseuil'fv. 

b)  Check  Ic^'el  switch  connections  on  the  outside 
of  the  control  cabinet  &  connections  at  (he 
terminal  blocks  inside  the  control  enclosure 

c)  Rct)lacc  level  switch  nssenibly. 

6.  Display  Reads: 

IN  STANDBY 

BAD  5V  SUPPLY 

Expkoiceion: 

>  20?’^o  drof)  in  AC  power 

a)  CtHitrollcr  board  failed. 

b)  5V  power  supply  failed 
on  control  board. 

a)  Contact  your  sales  agent  or  MIOX  Customer 
Support  to  order  a  new  controller  board 

b)  Check  5V  supply  located  on  the  controller 
board.  If  5:5V,  contact  your  distributor  for 
replacement.  Adjust  for  5V  settina. 
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7.  r^spi(^  Reads:  \ 

IN  ST>\NDBV 

BAD  24V  SUPPLY 

a)  Controller  board  failed. 

a)  Contact  your  sale.s  ^gent  or  MIOX  Customer 
Support  to  order  a  new  controller  board 

1 

Explmiotlon: 

>  20%  drop  in  AC  power 

b)  24V  power  supply  failed. 

b)  Check  24V  supply  (behind  control  panel 
display).  If  ^4V,  contact  your  distributor  for 
replacement.  Adjust  for  24-i5V  setting. 

HARD  FAULTS 


8.  Displm  Reads: 

AU4HM  RARD  FAULT 

a)  Extremely  high 

temperature. 

a)  Check  the  inlet  temperature  of  the  w’ater  euid 
decrease  it  if  it  is  exceedingly  high. 

HI  OXIDANT  TEMP 

b)  Chiller  malfunction. 

b)  Check  to  ensure  the  chiller  is  working 

Explanation: 

Cell  outlet  temperature 
exceeds  maximum  temperature 

c)  Ceil  amperage  too  liigh. 

cj  Verify  displ;^  tell  amps  agree  witli  measured 
cell  amps  from  amp  clamp. 

rating  for  10  consecutive  test 

cycles. 

d)  Cell  flow  rate  too  low 

d)  Increase  water  flow  to  cell  (open  flow  control 
valve  on  water  manifold). 

e)  Cell  exit  ports  clogged. 

c)  Acid  wash  cell  to  remove  foreign  particles  Uiat 
may  doe  the  cell. 

9.  Display  Reads: 

ALARM  HARD  FAULT 
ra  CELL  CTjRREKT 

a)  Low  watei  line  pressure 
(<25  psi;  172  kPa). 

a)  Check  watw  feed  line  pressure  to  system  & 
increase  feed  water  pressure  to  25  psi  (172  kPa) 
minimum. 

b)  Turn  master  switdi/breaker  off  &  back  on.  If 

Explan<Mon: 

Cell  amperage  exceeds 
maximum  current  rating  for 
10  consecutive  test  cycles. 

b)  Pump  not  slowing  down 
to  reduce  brine 

concentration. 

system  ccanes  back  on  and  pump  is  still  running 
fast  check  pump  volta^  on  pin  21  on  interface 
block  If  pump  voltage  is  >2V.  the  controller 
board  rnav'  be  bad  cr  pump  may  need  replacing. 

10.  I^pl(^  Reads: 

a)  Extremely  high  current. 

a)  Test  for  various  possible  causes  of  high  current. 

ALARM  HARD  FAULT 

LOW  CELL  VOLTAGE 

Exhumation: 

Cell  voltage  dropped  >1V 

b)  Bad  cell  power  supply. 

c)  Fuse  blown. 

b)  Check  cell  power  supply.  Contact  sales  agent  or 
MIOX  Customer  Support  for  replacement 

c)  Replace  fuse  (2i)A ). 

ll.  Display  Reads: 

ALARM  ILARD  FAULT 

a)  Low  brine  concentration. 

a)  Check  the  salt,  water  &  brine  level  in  the  brine 
tank.  Add  salt  to  tlie  brine  tank. 

LOW  CELL  CURRENT 

Explanation: 

Not  enough  cell  amperage 
for  more  than  4  minutes. 

b)  Brine  pump  air  locked. 

b)  Use  the  brine  primer  bulb  to  pressure  die  brine 
feed  line  and  I1ush  air  out  of  the  brine  line  [f 
necessary,  remove  llie  tube  on  the  inlet  to  the 
brine  pump  and  purge  the  air  from  the  brine  line. 

c )  Brine  p  ump  frozen . 

c)  Remove  debris  from  brine  pump. 

d)  Bnne  niter  clogged. 

d)  Flush  out  brine  fllter(s)  and/or  change  filterfs). 

e)  COTtroller  board  bad  or 
brine  pump  worn  out. 

e)  Push  Standby  (mushroom)  switch  and  restart 
system.  If  pump  is  still  miming  fast,  check 
pump  voltage  on  pin  21  on  controller  board.  If 
>2V.  brine  pump  may  need  replacing  or 
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D  Systan  pressure  too  high 
(>  100  psi;  689  kPa) 

g)  Failure  of  in-line 

adjustable  PRV. 

h)  Cell  life  depleted. 

i;  Salt  loo  fine. 

controller  board  is  bad. 

f)  Measure  feed  water  pressure  downstream  of  the 
softener.  If  pressure  is  >100  psi  (689  kPa),  add 
a  PRV  to  tile  main  line  to  bring  pressure  into  the 
operating  range  (25-i  00  psi:  1 72-689  kPa). 

g)  If  feed  water  pressure  is  <100psi.  measure 
pressure  in  the  water  manifold.  If  It  varies  ±2 
from  15  psi  (103  kPa>,  check  the  internal  PRV 
for  blockage  or  debris.  If  debris  is  found,  clean 
the  PRV  and  check  the  water  filters.  If  no 
blockage  is  found,  replace  PRV. 

h)  Replace  cell  or  increase  MIOX  injection  rate. 

i)  Replace  die  brine  strainer  wiUi  salt  filtration 
device. 

OR 

Replace  fine  salt  with  coarse  granular  salt 

OR 

Break  apart  existing  salt  bed. 

12.  Dispk^  Reads: 

ALARM  HARD  FAULT 
Vm  CELL  CURRENT 

aj  Low  water  line  pressure 
(<25psi) 

a)  Check  water  fe«l  line  pressure  to  SAL  system 
and  increase  feed  water  pressure  to  25  psi 
minimum  for  SAL  series  systems. 

Expimicaion 

Cell  amperage  exceeded 
excessive  maximum  current 
limit- 

b)  Pump  not  slowing  down 
to  reduce  brine 

caicentraticm. 

b)  Push  Standby  switch  (red  mashroom)  and  restart 
system.  If  puirif)  is  still  rutuiirig  fast  check  Pin 
21  on  controller  board  for  pump  voltage.  If 
>  2V,  controller  board  is  bad,  w  pump  ma>'  need 
replacing.  Call  your  sales  agent  for  MIOX 
Customer  Support. 

c)  Frozen  water  in  tlie 
system. 

c)  Add  heal«*  to  the  room  so  dial  the  ambient  air 
tenpo^lure  is  abmre  35°F.  Add  wat«*  heater  to 
feed  water  line  system  to  minimum  50®F  water 
tenipwaliire. 

13.  Dispiay  Reads: 

ALARM  HARD  FAULT 
rAMi  SSR  FAILURE 

Explcmaiion: 

Solid  stare  relayts)  (SSR)  cannot 
be  himed  off  by  the 
controller. 

a)  Solid  state  relay  has  been 
damaged 

a)  Turn  the  system  olf  manually.  Contact  your 
sales  agent  w  MIOX  Customer  Support  for  SSR 
replacement, 

Note;  While  this  fault  is  active,  the  brine  purn}>  will 
be  turned  off.  but  the  water  feed  solenoid  valve  will 
remain  on  with  a  one  scemd  on,  one  second  oft' 
cycle.  This  provides  cooling  water  flow  tlirough  the 
cell  that  should  prevent  damage  to  the  power  supply 
and  cell.  Howcvciv  water  tlow  to  the  oxidant  tank 
will  cause  dilution  of  ihe  oxidant  slrengUi  and 
possiblv  eventual  overflow  of  the  axidant  tank. 

14.  Display  Reaiis: 

SOLUnON  lANK 

a)  Blocked  solenoid. 

a)  Disasstmlile  to  dean  solenoid 

OVERFLOW 

b)  Levd  switches  no!  working. 

b)  Check  level  swilcli  wiring  to  ensure  switch  U 
functioning. 

Explanation: 

c)  Drain  dossed  backins  up 

c)  'rleaii  out  anv  obslnidions  in  drain. 
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Oxidants  to  tatik  is  not  turning 

into  solution  tank  ova  flow. 

olT.. 

15.  Displav  Reads: 

a) 

Hi.cli  flow  througli  cell. 

a) 

Measure  flow  . 

LOW  CHLOIUNE 

b) 

Unplug  system  power.  Turn  feed  water  supply 

Explanation: 

b) 

Water  flowing  liirough 

off.  Disassemble  solenoid  valve  and  check  for 

MIOX  system 

cell  while  s>'stem  In 

obstructions. 

production  lowci’lhan  normal,  or 
chlorine  residual  in  water  system 

standby  mivic. 

c) 

Check  injection  of  oxidant  solution  into  water 

below  nonnal. 

c) 

Iryection  system 

malfunction. 

system. 

d) 

Check  cell  amperage,  flow,  chlorine  production. 

d) 

Cell  life  depicted. 

and  salt  consumplicai  Replace  cell  if  necessary. 

e) 

Check  foe  leaks  and  rcjjair. 

e) 

Break  in  water 

distribution  lines. 

f) 

Call  sales  agent  or  MIOX  Customer  Support. 

f) 

Water  production  exceeds 
max.  for  system  design. 

g) 

Drain  oxidant  tank  and  start  system  again,  Use 

g) 

Oxidants  stored  too  long 
before  use. 

fresh  oxidants  for  injection. 

16.  Display  Reads: 

a) 

Power  to  system 

a) 

Check  and  repair  main  power  source  and  check 

NO  DISPLAY  VISIBLE 

interrupted  (blackout, 

etc.) 

exlenial  breaker. 

Explanf^on: 

b> 

Check  24V  power  supplj’  output  and  its  fuses 

Power  not  getting  to  system. 

b) 

24V  power  sujiply  failure. 

witli  appropriate  meter  (The  power  supply  is 
located  behind  the  display's  in  tlie  control  panel.) 
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Appendix  A  -  SAFETY 
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HYDROGEN  SAFETY 

MlOX  Liquid  Barrier  Venting  and  Dilution  Air  Systems  have  been  engineered  to  ensure 
that  hydrogen  gas  Is  maintained  at  <25%  of  the  lower  explosive  limit  In  the  oxidant  tank. 
MlOX  Corporation  Is  the  only  On-SIte  Generation  Disinfection  Supplier  to  have  sought 
the  safety  assessment  of  Hydrogen  Safety,  LLC  (Newington,  CT).  MlOX  Corporation  has 
Incorporated  their  safety  expertise  Into  their  designs. 

Explosive  Properties  of  Hydrogen  Gas:  The  lower  expbsive  limit  (LEL)  of  hydrogen  is  4.1% 
by  volume  in  air.  This  means  that  any  concentration  of  hydrogen  in  air  less  than  4.1%  will 
not  ignite  (too  “lean"  in  fuel).  Likewise,  the  upper  explosive  limit  of  hydrogen  is  74.2%  by 
volume  in  air.  This  means  that  air  containing  greater  than  74.2%  hydrogen  will  not  be 
explosive  (too  "rich”  in  fuel).  Because  this  potential  fuel  source  is  produced  in  any 
electrolysis  process,  proper  mitigation  of  hydrogen  is  mandatory  for  safe  operation  of 
on-site  generation  equipment.  MlOX  engineers  all  of  its  systems  to  vent  hydrogen  so 
that  the  concentraffon  in  the  oxidant  tank  is  always  <25%  of  the  LEL. 

Hydrogen  Gas  Generation  in  the  Electrolytic  Process:  Electrolytic  cells  of  all  types  using 
water  as  a  component  of  the  fluid  medium  (i.e.  brine)  produce  hydrogen  gas  at  the 
surface  of  the  cathode  in  the  electrolytic  reaction.  The  hydrogen  generation  rate  is  6.96 
milliliter  per  amp-minute  per  active  anode  electrode  at  standard  temperature  and 
pressure  (0°C  and  1  atmosphere  pressure).  The  volumetric  hydrogen  generatfon  rate 
increases  in  proportfon  to  absolute  temperature  above  0°C,  and  is  inversely 
proportional  to  barometric  pressure.  Hydrogen  (Hs)  is  the  lightest  of  the  gases  with  a 
vapor  density  of  0.069  (relative  to  that  of  air  taken  to  be  1.0)  causing  it  to  seek  the 
highest  point  in  a  room  or  container  in  a  normal  room  atmosphere. 
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Liquid  Barrier  Vent  System 

The  Liquid  Batrier  Vent  Safety  System  avoids  the  use  of  electric  fans  and  motors 
as  a  potential  for  failure  and/or  as  an  ignition  source  near  hydrogen.  Liquid  Barrier  Vent 
systems  utilize  a  gas  trap  design  to  prevent  hydrogen  gas  generated  from  the 
electrolysis  process  from  entering  the  oxidant  storage  tank  system  (see  Figure  i).  Each 
of  the  oxidant  tanks  is  equipped  with  a  drop  tube  in  the  oxidant  tank  that  hydraulically 
locks  the  oxidant  solution  in  the  tank  from  the  hydrogen.  This  is  very  similar  to  a  “P-trap” 
system  in  household  plumbing.  The  velocity  of  the  oxidant  stream  in  the  drop  tube  is 
lower  than  the  rate  of  bubble  rise  in  the  oxidant  tube,  so  that  all  of  the  hydrogen  gas  Is 
trapped  and  vented  out  of  the  system  through  the  hydrogen  vent  piping  that 
discharges  external  to  the  building. 

The  drop  tubes  are  sized  for  each  system  to  ensure  hydrogen  gas  does  not  enter 
the  oxidant  tank.  The  drop  tube  diameter  must  be  of  adequate  volume  to  ensure  that 
the  downward  velocity  of  fluid  is  slower  than  the  upward  flow  of  bubbles  in  the  liquid 
stream.  In  the  event  that  the  on-site  generation  system  capacity  is  increased  by 
adding  additional  cell  modules,  or  increasing  the  size  of  existing  cell  modules,  it  is  also 
very  important  to  review  the  size  of  the  drop  tube.  Additional  oxidant  generation 
capacity  will  increase  the  volume  of  fluid  entering  the  drop  tube,  which  may  require 
that  the  drop  tube  dtameter  be  increased  to  ensure  effectiveness  of  Ihe  system. 
Consult  MlOX  customer  service  tor  adequate  direction  on  how  to  do  this. 


SELECTION 
VALVE  WITH 
INTERLOCK 
SWITCH 


Figure  15.  Dilution  Air  Safety  System  with  Multiple  OxIdantTanks 


The  Dilution  Air  System: 

MlOX  offers  an  optional  fan-driven  dilution  air  vent  system  (see  Figure  1 5).  The 
Dilution  Air  System  is  typically  used  on  mid  to  large  sized  systems.  The  Dilutton  Air  System 
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is  configured  as  a  dual  bbwer  system  with  check  valves  and  an  air  flow  switch  to 
provide  indication  of  bss  of  air  flow,  as  well  as  automatic  switching  to  the  txrckup 
bbwer  in  the  event  of  a  blower  motor  failure.  Sizes  are  avaibbte  in  a  variety  of 
ductwork  pipe  dtameters,  and  the  system  size  is  matched  to  the  H2  generation  rates  for 
ttie  selected  system.  The  Dilution  Air  System  provides  an  addilfonal  safety  measure  for 
the  mitigation  ot  hydrogen  related  tiazards.  The  system  is  intended  to  maintain  a  H; 
concentratbn  that  is  bss  than  25%  of  the  bwer  explosive  limit.  This  is  accomplislied  by 
sizing  the  Dtiution  Air  system  such  that  100  parts  ot  air  are  introduced  tor  each  part  ot 
hydrogen  the  MlOX  generator  produces. 

Importantly,  since  both  the  liquid  bonier  Hj  vent  and  dilulion  ait  vent  systems  are 
sized  according  to  the  oxidant  producTion  capacity  and  Ihe  number  of  storage  tanks, 
Ihe  desigrr  ot  Ihe  Dilulfon  Ait  System  needs  lo  be  te-evalualed  it  capacity  is  bcreased. 

Additionat  Hydrogen  Safety  Precautions:  While  the  MlOX  systems  have  been 
engineered  to  operate  at  high  tevels  ot  safety,  it  is  im(x>rtant  to  obser  ve  the  following 
guidelines  ot  conduct  whenever'  you  are  near  the  oxidant  tank  or  the  onsite  generation 
system. 

1 .  No  smoking  should  be  allowed  anywhere  near  the  oxidant  tank  or  the  on-site 
genera  I  bn  equipment. 

2.  No  open  flames  or  hoi  work  should  be  permilled  anywhere  near  Ihe  oxidarri 
tank  or  onsite  generation  equiprnent  (soldering,  hot  surfaces,  etc.) 

3.  Stafrc  electricity  generation  should  be  avoided  near  the  oxidant  tank  or  onsite 
generator 

4.  The  onsite  generator  equipment  shoub  be  fully  grounded. 

5.  All  electrical  equipment  and  connecfror'rs  used  at  or  near  the  onsite  generator 
should  national  electric  code  tor  class  1,  group  B,  division  2. 

ELECTRICAL  SAFETY 

While  MlOX  Corporation's  on-site  generators  are  designed  to  minimize  electrical 
hazards,  MlOX  equipmerrt  should  only  be  serviced  by  a  certified  MlOX  technician.  Do 
not  attempt  to  troubleshoot  an  electrical  problem  without  proper  training.  Follow  all 
NEC  guidelines  on  electrical  safety.  Be  aware  that  local  codes  may  supersede  NEC 
guidelines. 

The  voltage  varies  depending  upon  Ihe  srze  and  manufacturer  of  on-site  equipment. 

I .  The  power  cord  sliould  te  specilied  for  wet  use. 
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Appendix  B  -  RECOMMENDED 
TOOLS  FOR  INSTALLATION 
AND  RECOMMENDED  SPARE 
PARTS 
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RECOMMENDED  TOOLS  FOR  INSTALLATION 

1.  Powei  Diill 

2.  Concrete  Bil  (to  anchor  unit  to  wall) 

3.  Small  Halblacle  Screwdriver  ( I /8"  wide) 

4.  Medium  Flatblade  Screwdriver 

5.  Medium  Phillips  Screwdriver 

6.  Nut  Drivers,  Set 

7.  Channel  Lock  Pliers 

8.  Ralcliel  Wrench  (English)  willr  10-12'  Extension,  Including  Sockets 

9.  Crescent  Wrench,  Medium 
to.  Razor  Knife 

1 1.  S|3ears  blue  75  thread  seatant 

1 2.  Copper  Condirctive  Compound  (e.g.,  Thomas  &  Betts  -  “KOPR-SHIELD") 

13.  Multimeter  (VAC  and  VDC,  Resistance,  Continuity) 

1 4.  PVC  SotvenI  Glue  and  Primer 

15.  PVC  Pipe  Cutter 

1 6.  FAC  Test  Kit  (e.g.,  Ftaclr  DPD  Color  Wtreel  or  Colorimeter) 

1 7.  Flardness  Test  KrI 

18.  Amperage  Clamp  (DC,  0-200  amp  range  minimum) 

19.  thermometer 

20.  Spears  blue  75  thread  sealant  Measure  and/or  Ruler 

21.  Wir  e  Strippers 

22.  Wire  Crimpers 

23.  File/Sandpaper  (300  grit) 


RECOMMENDED  SPARE  PARTS 

For  two  years  of  operation,  the  foibwing  spare  parts  are  recommended. 

DESCRIPTION 

Parts  that  MlOX  supplies 

Push-in  fitting  for  cell  brine  connection  (3/8  NPT  x  3/8  tube) 

6  ot  water  filter  cartridge,  5  micron 
6  of  water  filter  housing 
6  of  brine  tllter,  micron  plated 
6  of  Ijrine  10"  fillet  housing 
Brine  pump 

Spare  replacement  cell 

Parts  that  may  easily  be  purchased  locally 

Fuses,  20A,  250V,  3AB  (SAL-80) 

Tubing,  3/8“  ID,  5/8'  OD,  10  feet  (cell  to  oxidani  tank) 

Hose  ctamps,  ptasfrc,  5/8  OD  tubing 
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Appendix  C  -  MI  OX 
WARRANTY  STATEMENT 
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WARRANTY  STATEMENT 

Standard  System  Warranty: 

WARRANTY  -  MlOX  Corporation  warrants  that  the  system  components 
manutactured  by  MlOX  will  be  tree  from  defects  in  material  and  workmanship  for 
one  year.  (Consumable  items  such  as  filter  cartridges  are  not  included.) 

PERIOD  -  This  warranty  period  will  tun  12  monihs  from  the  start-up  dale  or  18 
rnorilhs  maximum  from  lire  date  of  shipment,  whichever  occurs  first.  Slart-up  date 
confirmation  is  required  lo  supporl  any  warranty  claims  made  12  monihs  alter 
shiprnenl. 

Standard  Cell  Wan'antv: 

WARRANTY  -  MlOX  Corporatbn  warrants  thal  the  electrolyllc  nrixed-oxidani  cell 
will  be  tree  Itom  delecis  in  maletial  and  workmanstiip  for  two  years.  The  watranly 
further  extends  from  the  end  of  year  two  to  the  errd  of  yecrr  five  on  a  iDrorated 
basis. 

REPLACEMENT  PRICING  -  The  prorated  price  is  determined  by  multiplying  the  price 
of  a  replocenrent  cell  by  the  nunrber  of  nronths  the  warranted  cell  was  used,  and 
then  dividing  by  60.  For  example,  a  cell  replaced  after  36  monihs  would  be 
pr'rced  at  (ReplacemerrI  Cell  Price)  x  36/60  =  Warranty  Price. 

PERIOD  -  This  5  year  warranty  period  begins  on  the  date  of  shiprrrent.  It  a  warranty 
card  {yellow  in  color)  is  received  within  1 0  days  of  the  cell's  installation,  the  5  year 
period  will  start  on  the  date  of  installation.  The  izreriod  tor  a  cell  warranty  is  from 
the  date  of  the  warranty  of  the  original  purchased  cell.  Any  cells  provided  by 
MlOX  under  the  full  coverage  warranty  to  repair  or  replace  a  defective  cell  will  be 
warranted  from  the  start  dale  of  Ihe  warranty  of  the  original  purchased  cell.  If  a 
replacement  cell  with  new  anode  and  cathode  is  purchased  after  2  years,  a  new 
full  warranty  is  included. 

Afternatively,  the  crrstomer  can  choose  to  have  their  existing  cell  repaired,  in 
which  case  the  existing  warranty  continues.  A  cell  repair  qrrote  is  available  fronr 
customer  service. 

REPAIR  PRICING  -  Each  componenf  within  the  cell  has  a  different  replacement  cost  and 
requires  labor  and  material  for  repair.  Estimates  for  repair  can  be  obtained  from  customer 
service  after  the  cell  In  question  has  been  returned  for  inspectioa 

General  Information: 

REPLACEMENT  OR  REPAIR  -  MlOX  Corporation’s  lesponsibilily  under  these 
wairanfies  is  to  correct  by  repair  or  replacemenl,  at  the  option  of  MlOX 
Corporafion.  any  such  detect,  disclosed  on  examination  by  MlOX  Corporation  or 
its  representative,  which  developed  under  normal  use  during  the  warranty  period. 

VOIDING  THE  WARRANTY  -  MlOX  Corporafion  reserves  the  right  to  revoke  a 
warranty,  based  on  breach  of  warranty  conditions: 

•  lack  of  routine  maintenance; 
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•  improper  installation,  shetter,  or  service; 

•  modification  performed  by  other  than  MlOX  Coiporation  or  its  authorized 
representatives; 

•  abuse,  accident,  or  neglect;  or 

•  usage  olhei  than  as  tecommended  In  Ihe  ptoduci  manual  and  system 
documentatfon. 

AGREEMENT  AND  TRANSACTIONS  -  Warranty  seivice  is  provided  by  MlOX  oi  an 
authorized  representative  of  MlOX.  MlOX  offers  this  warranty  to  the  owner  of  the 
MlOX  equipmenl.  If  warranty  service  is  required,  service  can  be  obtained  by 
contacting  your  bcal  MlOX  disiributor  or  MlOX  cuslomer  service  department. 

MlOX  RESPONSIBILITY  -  This  warranty  is  in  lieu  of  all  other  warranties  covering  Ihe 
products,  expressed  or  implied,  including  those  of  lilness  and  rnerctranlatailily. 
MlOX  Corporation  shall  not  be  held  liable  tor  consequential  or  incidental 
damages.  Ihis  warranty,  the  invoice  terms,  and  the  order  acknowledgment  terms 
constitute  the  entire  agreement  between  the  customer  and  MlOX  Corporation 
unless  specifically  agreed  to  in  writing  by  both  parties. 

DESIGN  CHANGES  -  MlOX  Corporation  reserves  Ihe  right  lo  make  design  changes, 
additbns  to,  and  imia-ovements  upon  any  of  our  [xoducfs,  and  has  no  obligation 
to  make  the  same  changes,  additions,  or  improvements  on  any  laoducts 
previously  i^urchased. 

PRODUCTS  TO  BE  REPAIRED  OR  REPLACED  - 

•  must  be  shipped  /  deli\«red  to  MlOX  Customer  Service  at  the  Corporate 
offices  in  Albuquerque,  New  Mexico. 

•  must  have  a  return  merchandise  authorization  number  from  MlOX  Corporation, 
which  is  obtained  through  your  service  representative. 

•  must  include  in  the  package  a  statement  covering  the  nature  of  the 
malfunction,  the  name  and  phone  number  of  the  person  returning  the  unit, 
and  the  address  to  which  the  warranty  equipment  should  be  refirrned. 

•  should  be  shipped  in  the  original  packaging  or  its  equivalent  to  provide 
adequate  protection. 

•  must  be  reluirred  all  transportation  charges  prepaid. 

•  will  be  relumed  lo  Ihe  end  user  with  standard  lieighi  and  handling  charges  lor 
warranty  replacement  components  pcrid  by  MlOX  Corporation. 
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Appendix  D  - 
PROCEDURES  AND 
TECHNICAL  PAPERS 


67 


ERDC/CERL  TR-09-28 


B88 


OXIDANT  DEMAND  TESTING 


The  oxidant  demand  of  water  is  a  measure  ot  the  amount  ot  oxidants  needed  to  property 
disinfect  water.  This  value  is  extremely  important  for  accurately  sizing  and  maintaining  MlOX 
equipment.  Oxidant  demand  is  determined  by  adding  on-site  oxidants  in  several 
concentratfons  to  row  untreated  (sample)  water  and  measuring  the  FAC  over  time. 

Equipment  Needed 

iOO  ml  graduated  cylinder 

Four  (4)  100  ml  glass  jars  with  lids 

Pipette  that  can  accurately  measure  0.1  ml  increments 

Chbrine  test  kit  (i.e.,  DPD,  Color  Wheel,  Colorimeter,  or  AccuVac) 

Timer  or  a  watch 
Calcubtor 

Identify  Starting  Range 

The  initial  oxidant  demand  test  should  use  a  5  ppm  dose  to  identify  the  correct  starting 
range.  If  a  5  ppm  dose  is  consumed  in  less  than  30  minutes,  the  demand  ot  the  water  is 
greater  than  5  ppm,  and  dose  rates  of  10,  15,  and  20  ppm  should  be  used  for  testing. 
Conversely,  if  the  5  ppm  dose  is  only  moderately  decreased  in  30  minutes,  testing  should  be 
performed  with  1,  3,  and  5  ppm  doses. 

Use  the  following  formutas  to  determine  the  amount  of  oxidant  and  sample  water  to  use 
(based  on  100  ml  samples),  where  X  is  the  dilution  factor. 

Dilution  Factor  (X)  =  Oxidant  FAC/Dosage 

ml  of  Oxidant  =  iOO/X 

ml  of  Sample  Water  =100-  (100/X) 

(Oxidant  FAC  is  the  concentration  ot  the  on-site  oxidant  solutbn.  which  varies  with  each 
MlOX  system  model.  The  output  of  each  unit  shoub  be  measured,  according  to  the 
procedure  for  Chbrine  Testing,  to  determine  the  exact  concentratbn  ot  the  on-site  oxidant 
solution  and  catholyte.) 


example: 

1 .)  Deternirie  the  amount  of  oxidant  and  sdmple  wdter  to  be  used.  Always  start  with 
a  5  ppm  dose  for  the  first  test.  Suppose  you  are  using  a  MlOX  system  that  just 
generated  an  oxidant  solution  concentration  of  250  ppm.  First,  you  must 
determine  the  dilution  factor  (X): 

DlluHon  Factor  (X)  =  Oxidant  FAC/Dosage  =  230/5  =  SO 

Next,  determine  the  ml  of  oxidant  and  sample  water  to  be  used  based  on  X: 

ml  of  Oxidant  =  IOO/X  =  1 00/50  =  2  ml 

mLotSample  Water  =  100-  (lOO/X)  =  100-  (ICO/SO)  =  100  -  2  =  98 ml 
Thus,  add  2  ml  of  oxidants  to  98  mLof  sample  water  for  the  first  FAC  reading. 
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2.)  Deterrrine  the  dosages  For  subsequent  measurements.  First  dilute  the  cwidants  as 
determined  above,  and  ofter  30  minutes,  take  an  FAC  readirg.  If  FAC  is 
unmeosurabie,  this  means  all  of  the  oxidants  have  been  consumed,  and  you  need 
doses  of  to,  t5,  and  20  ppm  for  subsequent  measurements;  otherwise,  if  FAC  has 
riot  significantly  diminished,  use  1,  3,  and  5  ppm  doses  for  subsequent  testing.  In 
this  cose,  let’s  assume  that  the  reoding  was  2.5  ppm  after  30  minutes,  indicating 
that  you  sl^ould  use  lest  dosages  of  1 ,  .3,  and  5  ppm. 


Setup  Calculations 

Use  the  loimubs  given  above  to  determine  Ihe  amouni  o(  oxidant  and  sample  water  to  use 
(based  on  100  mL  samples)  tor  each  ol  the  doses.  The  sum  of  youi  oxidant  and  sample  water 
volumes  should  add  up  to  100  mL  since  it  provides  enough  volume  tor  muitiple  FAC 
measuiements  at  the  vorbus  testing  times. 


Sxample: 

Deterrrine  the  oxidar-fi  and  saiTipte  water  volunrres  for  the  1 , 3,  ard  5  ppm  doses. 
Assume  the  MlOX  system  is  strll  generating  an  oxidant  solution  cancenfration  of  250 

PPIT). 

1  DDm  dose: 

3  DDm  dose: 

5  DDm  dose: 

DiMion  Factor  (X) 

250/1  =250 

250/3  =  83.3 

250/5  =  50 

ml  of  Oxidant 

100/250  =  0.4 

100/833  =  1.2 

100/50  =  2 

ml  of  Sample  Water 

i00-0.4  =  99.i 

too-  i. 2  =  98.8 

100-2  =  98 

For  a  1  ppm  dose,  O.A  mL  of  oxidant  should  be  mixed  with  99.6  mL  of  sample  water. 

For  a  3  ppm  dose,  1 .2  mL  of  oxidant  should  be  mixed  with  98.8  mL  of  sample  water. 

For  Q  5  ppm  dose,  2.0  mL  of  oxidant  should  be  mixed  with  98  mL  of  sample  water. 

Procedure 

Stagger  preparation  ot  each  dilution  by  several  minutes  to  allow  enough  time  tor  accurate 
analysis  ot  FAC  of  each  dilution  at  the  speciffed  time  intervals.  TAC  readings  should  be  taken 
at  the  following  times;  T  =  0,  30  minutes,  60  minutes,  and  90  minutes.  Readings  beyond  90 
minutes  are  determined  by  interpretation  of  data  from  the  first  90  minutes. 

•  Accurately  measure  the  volume  (mL)  of  calculated  sample  water  and  pbce  in  a  glass  I'ai. 

•  Accurately  measure  Ihe  volume  (mL)  of  oxidant  required. 

•  Add  oxidarri  lo  sample  water  jot  and  swirl  very  briefly  to  mix. 

•  ImrTrediately  measure  and  record  the  FAC  concentrotbn  and  lime  the  reading  was 
taken  (lime  =  0). 

•  Repeat  the  above  steps  tor  the  other  dilutions,  measuring  each  at  time  =  0  before 
preixiring  Ihe  next  dilution,  and  then  lake  FAC  readings  for  each  sample  at  30,  60,  and  90 
rTtInutes.  Generate  a  table  similar  to  the  one  given  in  the  example  bobw. 
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fxompfe: 

Fill  oul  the  table  properly  aryd  completely.  First,  the  MlOX  solution  must  be  diluted 
to  I  ppm,  3  ppm,  and  5  ppm  dosages  as  determir^  In  the  previous  e.xample.  The 
FAC  residual  of  eoch  dilution  is  then  measured  in  30-minute  intervols  until  the-  chert 
IS  filled  out  as  below  (measureirents  are  bosed  on  assumed  tests  for  this  example) : 


Sampto  A 

(1  ppm) 

Time 

(o'clock) 

Sample  B 
(3  ppm) 

Time 

(o’clock) 

Sample  C 
(5  ppm) 

Time 

ro'Qock) 

0.4 

\2:O0 

2.1 

1205 

40 

12:10 

1+30  min. 

0.0S 

12:30 

2.0 

1235 

2.5 

12:40 

t  +  60  min. 

0.0 

l.OO 

2.0 

105 

2.5 

1:10 

t+  90  min. 

0.0 

1-30 

IB 

135 

2.4 

1:40 

Oxidant  Demand  Determination 

Aftei  90  m'nules,  determine  which  sample  has  the  FAC  lesidual  nearest  lo  the  desired 
residual  specilied  by  Ihe  waler  system  opeialor.  If  a  desired  residual  is  unknown,  bok  for  a 
FAC  slightly  greater  than  0.2  ppm,  which  is  usually  Ihe  standard  required  by  the  stale. 

Subtract  the  selected  FAC  reading  from  the  initial  FAC  dose  for  the  corresponding  sample. 
This  signifies  how  much  of  the  oxidants  were  consumed  by  the  water  and  thus  how  much  of 
an  oxidant  demand  there  is  in  the  sampte  water. 


fxtimisle: 

Determine  the  oxidant  demand  of  the  water.  In  Ihs  case,  let’s  assume  Ihe 
operator  wants  a  1 .0  FAC  residual  In  the  water  system.  Looking  at  the  bottom  row 
(t  H-  90  minutesi  of  the  chart  filled  oul  above,  note  that  Sample  B  at  1.8  ppm  is 
closest  to  the  desired  residual.  The  iritial  FAC  dose  in  this  case  was  3  ppm,  so  the 
oxidant  demand  of  this  water  is  1.2  ppm  (3.0  -  1.8  =  1.2).  (This  means  that  the 
operator  must  dose  at  2,2  ppm  11.2*  1.0=2.21  to  achieve  his  desired  residual  of  1.0 
ppm. 
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WATER  QUALITY 


Knowing  what  to  look  for  when  troubleshooting  will  assist  in  the  process.  Most  of  the  items  on 
the  lollowing  list  will  be  bebw  the  limits  but  should  be  checked  nonetheless.  Concentrations 
or  measurements  in  brine  feed  water  and/or  treated  water  that  are  less  than  the  staled  limits 
are  not  anticipated  to  have  the  stated  effect.  These  factors  can  affect  the  oxidant  demand 
of  each  individual  water  system,  the  oxidant  production  of  the  MlOX  system,  or  the  life  of  the 
cell  itself.  It  is  important  to  use  “worst  case"  measures  since  water  quality  can  vary  from 
season  to  season. 


MEASURE 

LIMIT 

WHAT  IS  IMPACTED  I 

Oxidanf 

Chlorine 

Cell 

Demand 

Production 

Life 

TDS‘ 

mci/L 

200  mci/L 

X 

Alkalinity* 

mg  CaCOj/L 

400  mg/L 

X 

Total  Hardness** 

mg/L 

(or 

grains/gal) 

<  17.1  mg/L 
(1  grain) 

X 

X 

Iron  CFe)‘* ' 

mg/L 

<  1  mg/L 

X 

X 

Manganese  (Mn)** 

ug/L 

<  50  ua/L 

X 

X 

X 

Fluoride  (FI) 

mg/L 

<  1  mg/L 

X 

Silica  (SIO2) 

mg/L 

<  80  mg/L 

X 

X 

Bromide 

mg/L 

<  50  mg/L 

X 

Cyanide 

mg/L 

<  1  mg/L 

X 

Lead 

mg/L 

<  2  mg/L 

X 

Tin 

mg/L 

<  20  mg/L 

X 

Dissolved  Sulfides  (as  H2S] 

mg/L 

*** 

X 

Ammonia  Nitrogen  (NHs-N) 

mg/L 

*** 

X 

Organic  Nitrogen  (Org-N) 

mg/L 

*** 

X 

Total  Organic  Carbon  (TOC) 

mg/L 

*** 

X 

pH 

- 

5-9 

X 

X 

Water  Temperature  Range 
(for  MlOX  Series) 

°C  (or*F) 

>  i0°c<  24°C 
0  50*F  <  75»F1 

X 

X 

Water  Temperature  Range 
(for  SAL  Series) 

*C  (or*F) 

>  I0»C<29''C 
0  SO^F  <  85°F) 

X 

X 

*  If  IDS  >  200  or  Alkalinity  >  CO  then  chlorine  production  could  be  Impacted.  Use  of  d  dealkallzer  (anion  resin) 
may  be  needed. 

**  Cation  water  softeners  sa/III  remove  these  components  up  to  a  limit.  See  references  to  maximum  ferrous  iron 
and  manganese  in  water  softer^r  documentation.  Total  hcrdness  affects  cell  life  oNy  in  that  higher  hardness 
requires  acid  washing  to  remove  ccrbonate  deposits  from  the  cell.  Use  of  water  softened  to  <  1  grdn  hardness 
should  not  require  acid  westing  of  the  cell. 

***  Oridant  demand  is  affected  by  onv  level  of  HsS,  ammonia  or  organic  nitrogen,  or  TOC. 

'  Iron  may  deposit  Fe(OH)3  on  the  arx>de,  causing  an  electrical  “blind”,  wNch  would  increase  the  brirte  pump 
signal  voltage  (brine  pump  speed)  needed  for  the  system  to  reach  the  operating  window.  Chlorine  production 
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would  remain  the  seme,  but  sdt  conv^ion  efficiency  will  decrease.  The  same  effect  is  true  of  siHco  on  the 
cathode. 
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TOTAL  DISSOLVED  SOLIDS  (TDS) 


Questions  often  asked  about  the  use  of  MiOX-generated  mixed-oxidant  and 
hypochlorite  solutions  for  disinfectfon  of  potable  water  concern  the  addition  of  sodium 
chloride  (NaCI)  with  the  mixed-oxidant  or  hypochlorite  solution;  how  much  the  Total 
Dissolved  Solids  (TDS)  will  increase  in  the  treated  water  witii  various  additions  of  mixed- 
oxidant  or  hypochlorite  solutfon:  how  much  different  is  the  increase  in  TDS  using  MlOX  on-site 
generators  versus  using  chbrine  or  sodium  hypochlorite  solution:  and  what  are  the  relative 
proportions  of  sodium  (Na*)  and  chloride  (Ct)  added.  The  purpose  of  this  note  is  to  describe 
and  give  examples  of  the  chemistry  and  calcuiations  invotved  in  addressing  these  questions. 

USING  MIXED-OXIDANT  OR  HYPOCHLORttE  SOLUTION 

The  MlOX  System  generates  mixed  oxidants  or  hypochlorite  from  an  8  -  30  g/L  sodium 
chloride  (NaCI)  brine.  (The  brine  concentration  varies  from  system  to  system.)  The 
disinfectant  generated  is  injected  into  the  water  to  provide  disinfection.  The  main 
disinfecting  oxidant  ingredient  of  both  the  mixed-oxidant  and  hypochlorite  solutions  is 
chlorine  generated  electrolytically  and  dissolved  in  the  brine  forming  Ch,  HOCt,  and  OCt 
with  the  proportfons  of  the  species  present  being  pH-dependent.  At  the  pH  of  the  solutions, 
the  major  chbrine  species  present  are  dissolved  HOCI  and  OCT.  Other  oxidants  that  are 
thought  to  be  generated  in  minor  concentrations  in  the  mixed-oxidant  process  (but  have 
been  shown  to  be  not  present  in  the  mixed-oxidant  solution)  include  ozone  (O3)  and  chbrine 
dbxide  (CIO2);  these  oxidants  are  significant  from  the  standpoint  of  disinfectbn  effectiveness 
but  are  quantitativefy  insignificant  for  the  purposes  of  estimating  additions  of  dissolved  bns  to 
the  water. 

The  chbrine  species,  measured  as  Free  Avaitabte  Chlorine  (FAC),  are  typ'ically 
generated  to  a  concentration  of  about  3600  to  4000  mg/L  in  the  mixed-oxbant  solution  and 
about  8000  mg/L  in  the  hypochlorite  solution.  The  unelectrolyzed  NaCI  is  carrted  along  with 
the  FAC  injectbn  into  the  water. 

In  the  water,  the  oxidants  react  with  various  reductants,  also  known  as  chlorine  or 
oxidant-demanding  substances,  in  the  general  reactbn 

Cb  -*■  reduced  substances  ->  oxidized  substances  +  2  Cl 

There  are  also  bsses  of  chbrine  from  the  water  by  direct  substitution  onto  organic 
compounds  to  form  chlorinated  organics  and,  with  further  reaction,  trihalomethanes  (THMs) 
and  other  chbrinated  organic  compounds  of  concern  to  human  health.  But  these  losses 
(which  do  not  return  Ct  to  the  water)  typically  amount  to  <  0.1  mg/L,  that  is  much  less  than 
5%  of  the  total  FAC  dose,  and  can  be  negtecled  for  purposes  of  this  discussion. 

Because  the  chlorine  added  to  the  water,  for  all  practical  purposes,  is  added  in  total 
to  the  water  ultimately  as  chloride  (Cl),  and  there  are  no  losses  of  sodium  or  chbride  in  the 
mixed-oxidant  solution  generation  process,  the  NaCI  concentration  added  to  the  water  with 
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mixed-oxidant  or  hypochlorite  solutions  can  be  calculated  simply  os  the  NaCI  concentration 

ot  the  brine  multiplied  by  the  ratio  ot  the  volume  ot  disinfectant  solution  injected  per  unit 

volume  of  water  treated.  This  injectfon  ratio  is  determined  by  the  FAC  dose  desired.  For 

example,  using  a  mixed-oxidant  solution  containing  an  FAC  concentratfon  of  3400  mg/L,  lo 

dose  Ihe  walet  al  a  5  mg/L  FAC  concenlialion,  the  injectfon  ralio  would  te 

Injection  Ratio  =  Desired  FAC  Dose  (mg/L)  +  Mixed-Oxidant  Solution  FAC  Concentration 

(mg/L) 

Injection  Ratio  =  5  mg/L  >  3400  mg/L  =  1/680 

That  is  I  unit  volume  of  mixed-oxidani  solution  tot  each  680  unil  volumes  of  water  to  loe 
treated,  e.g.  I  gallon  per  680  gallons.  In  the  example,  Ihe  increase  in  NaCI  concentration, 
and  TDS,  by  the  mixed-oxidant  solulion  injeclion  would  Lse  as  lollows: 

Increase  in  TDS  =  Brine  NaCI  Concentration  x  Injection  Ratio 

Increase  in  TDS  =  14,995  mg/L  x  1/680  =  22.05  mg/L 

The  relative  proportions  of  sodium  (Na*)  and  chloride  (Ct)  added  are  calculated  from  the 
moleculor  weights: 

Increase  in  Na*  =  Increase  In  NaCI  x  (Molecular  Weight  of  Na*  /  Molecular  Weight  of  NaCI) 

Increase  in  Na*  =  22.05  mg/L  x  |23.00  /  .58.45)  =  8.6  mg/L 

Increase  in  Cl'  =  Increase  In  NaCI  x  (Molecular  Weight  of  C|-  /  Molecular  Weight  of  NaCI) 

Increase  in  CT  =  22.05  mg/L  x  (35.45  /  58.45)  =  13.45  mg/L 

Naturally,  the  sum  ol  Ihe  increase  in  Na*  and  Ihe  increase  in  Ct  is  Ihe  increase  in  NaCI,  and 
TDS,  22.05  mg/L. 

USING  CHLORINE  GAS 

The  use  ot  chlorine  gas  (Cb)  will  also  increase  the  TDS  ot  the  treated  water.  Cb 
participates  in  the  general  reaction  illustrated  atxjve;  thus  an  FAC  dose  of  5  mg/L  add  as  Cb 
as  in  our  example,  will  ultimately  lead  to  an  increase  in  the  Ct  concentration  (and  therefore 
Ihe  TDS)  of  5  mg/L.  This  is  not  the  end  ol  Ihe  chemistry,  however.  Charge  txrlance  must  fcre 
maintained  in  solution;  thus  the  negative  charges  added  by  the  CF  anions  must  be  balanced 
by  an  equal  number  ol  positive  charges  added  by  cations.  Some  of  the  posriive  charge 
required  will  be  |:)rovided  by  positively-charged  oxidized  sirbstances  noted  in  the  general 
reaction.  But  more  often,  Ihe  required  positive  charges  are  supplied  by  cations  dissolved  into 
the  water  from  particulates  also  in  the  water,  resulting  in  an  even  greater  Increase  in  the  TDS. 
As  both  an  approximation  and  an  illustralion,  lei  us  assume  that  the  required  positive  charges 
are  supplied  by  No*  dissolving  Irom  parliculales  inlo  solulion.  The  concentration  ot  Na* 
required  lor  charge  bataricing  can  be  calculated  from  Ihe  equivalent  weight  of  Na*,  Ihe 
molecular  weight  divided  by  the  charge. 

Increase  in  Na*  =  Increase  In  CT  x  (Equivalent  Weight  of  Na*  /  Equivalent  Weight  of  CT) 

Increase  in  Na*  =  5  mg/L  x  (23.00  /  .35.45)  =  3.2  mg/L 

Thus,  irr  our  example,  the  increase  in  TDS  in  Ihe  treated  water  using  Cb  gas  for  disinfection  is 
Ihe  sum  of  Ihe  Ct  added  and  Ihe  Na*  added  for  charge  Lxjlancing;  5.0  nrg/L  Cl  plus  3.2 
mg/L  Na*  equals  8.2  mg/L  TDS. 

USING  BULK  SODIUM  HYPOCHLORITE  SOLUTION 
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Increases  in  Na+,  CK  and  TDS  caused  by  the  use  of  commercial  sodium  hypochlorite 
(NaOCI)  bleach  solution  for  disintection  are  the  same  kind  as  those  added  by  mixed-oxidant 
or  hypochlorite  solutions.  Commercial  bleaches  are  made  by  electrolysis  of  a  sodium 
chloride  (NoCI)  solulion,  similar  to  Ihe  process  used  in  on-sife  geneialion.  The  TDS  of  the  bulk 
bleach  is  typically  not  reporled  but  il  cari  be  eslimated  from  the  specific  gravily  of  Ihe 
product  as  reported  on  the  packaging. 

The  specific  gravity  ot  a  commercial  blectch  solutbn  known  as  a  "15  Trade  Percent 
Available  Chlorine"  (i50  g/L  avaibble  chlorine]  is  about  1.21.  The  TDS  of  a  NaCI  solution 
having  this  specific  gravity  is  about  300  g/L. 

The  injection  ratio  ior  a  5  mg/L  FAC  dose  of  Ihis  solulion  would  be  as  follows: 

Injection  Ratio  =  5  mg/L  +  1 50,000  mg/L  =  i/30,000 

The  TDS  added  would  be  300,000  mg/L  x  1/30,000  =  10.0  mg/L 


The  relafive  proportions  ot  sodium  (Na*)  and  chloride  (CL)  added  are  calculated  from  the 
molecular  weights: 

Increase  in  Na"  =  Increase  In  NaCI  x  (Molecular  Weight  of  Na"  /  Molecular  Weight  of  NaCI] 

Increase  in  Na"  =  10.0  mg/L  x  (23.00  /  58.45)  =  3.9  mg/I 

Increase  In  CP  =  Increase  in  NaCI  x  (Molecular  Weight  of  CP  /  Molecular  Weight  of  NaCI] 

Increase  in  CL  =  10.0  mg/L  x  (35.45  /  58.45)  =  6.1  mg/L 

SUMMARY 

The  increases  in  CL,  Na",  and  TDS  resulting  from  the  use  ot  mixed-oxidant  solution 
(generated  in  a  15  g/L  NaCI  brine  to  an  FAC  concentration  of  3600  mg/L),  chlorine  gas,  and 
commercial  sodium  hypochlorite  solution  to  provide  an  FAC  dose  ot  5  mg/L  to  water  are 
summarized  in  Ihe  lable  bebw.  The  Increases  actually  encountered  in  any  given  water  are 
proportional  to  the  desired  FAC  dose  atrd  can  be  cafculaled  from  those  illustrated. 

Na",  CL,  and  TDS  Increases  in  heated  Water  at  5  mg/L  FAC  Dose  for  Each  Disinlectfon 
Alternative _ 


DISINFECTANT 

INCREASE  IN  CONCENTRATION  (ma/L) 

CHLORIDE 

SODIUM 

TDS 

Mixed-Oxidant  Solutiorr 

13.45 

8.6 

22.05 

Chlorine  Gas 

5.0 

3.2 

8.2 

Commercial  Sodium 

Hypochbrite 

6.1 

3.9 

)0.0 

Increases  due  to  use  ot  mixed-oxidant  or  hypochbrite  solution  will  vary  also  wilh 
perfonTtance  ot  Ihe  MlOX  System.  Moreover,  most  MlOX  System  users  find  that  the  FAC  dose, 
added  as  mixed-oxidant  solution,  required  to  maintain  a  satisfactory  disinfection  residual  in 
thek  distribution  systems  is  aborjt  30%  lower  than  the  FAC  dose  requked  irsing  any  other 
disinfectant.  Thus,  in  most  cases,  the  increases  in  CL,  Na",  and  TDS  using  the  mixed-oxidant 
solution  are  less  than  those  Illustrated  above  by  about  30%. 
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The  additions  of  Na+,  Cf,  and  thus  TDS,  increase  the  concentrations  ot  those  species  in 
the  distributed  water  over  their  background  concentrations  in  the  raw  water. 
Concentrations  of  these  species  in  raw  water  vary  from  place  to  pbce  but  il  is  rare  to  find  a 
raw  waler  supply  lhal  contains  TDS  less  lhan  150  mg/L  and  sodium  and  chbride 
conceniralfons  less  lhan  several  10s  of  mg/L.  Thus,  most  users  can  expeci  increases  in  TDS  ol 
about  10%  or  less  in  using  MlOX  mixed-oxidant  or  hypochlorite  solutions  lor  disinteclion  and 
increases  in  TDS  ot  slightly  less  using  other  typical  disinlectants.  These  increases  do  not  vblate 
any  current  drinking  water  standards  and  do  not  increase  the  taste  ot  the  water  to  a 
threshold  noticeable  to  the  consumer. 

The  example  calculalions  presented  above  were  to  illustrate  Ihe  additions  ot  Na’,  Ct, 
arrd  TDS  using  MlOX  mixed-oxidcrnl  syslems  relative  to  those  additions  using  comntercial 
sodium  hypochlorite  solution  or  chbrine,  all  dosed  at  the  same  FAC  ot  5  rng/L.  Current  MlOX 
systems  available  have  ditterent  operating  specilfcafrons;  thus  it  is  useiul  for  the  user  to  know 
the  additbns  ot  Na*.  Ch  and  TDS  for  each  MlOX  system.  The  table  bebw  calculates  the 
additbns  tor  each  MlOX  system  on  a  I  mg/L  FAC  dose  basts. 

Na*,  CF,  and  TDS  Increases  In  Treated  Water  at  1  mg/L  FAC  Dose  for  Each  MlOX  System 


MlOX  System 

Operating  Parameters 

Increase  in  Concentration  per  1  mg/L 
FAC  Dose 

Na’' 

Ct 

TDS 

mg/L 

mg/L 

mg/L 

5AL-30,  40,  &  80 

1.5 

2.3 

3.7 

MIOX-25N,  SON,  & 
lOON 

1.8 

2.8 

4.5 

MIOX-250N  &  SOON 

l.t 

1.8 

2.9 

HYi’O-S,  10,  &20 

1.4 

2.1 

3.5 

HYPO-SON,  lOON,  8, 
200N 

.8 

1.2 

2.0 

HYPO-SOON  &  lOOON 

1.0 

1.6 

2.6 
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CHLORINE  PRODUCTION  TESTING 


Even  though  MlOX  systems  produce  a  mixed  oxidant  disinfectant,  calculating  chlorine 
productbn  alone  is  the  easiest  way  of  checking  the  performance  of  a  MlOX  mixed-oxidanf 
or  MlOX  sodium  hypochbrife  sysfem.  A  cell  yielding  a  reading  of  3200  ppm  when  if  shoub 
be  reading  3600  ppm  may  nof  be  old  and  deptefed  -  the  fbws  may  jusf  be  high. 

Total  Production  =  Chlorine  Concentration  X  Volumetric  Flow  per  unit  time 

Folfow  the  steps  below  to  correctly  determine  the  chbrine  production  of  the  system. 

Equipment  Needed 

•  250  ml  glass  beaker 

•  500  mL,  1000  mL,  2000  ml,  or  4000  mL  glass  jar  with  lid  (depending  on  MlOX  unit  being 
tested) 

•  Pipette  that  can  accurately  measure  0.5  ml  or  I  mL  samptes 

•  Chlorine  Test  Kit  (i.e.  DPD,  Cobr  Wheel,  Colorimeter  or  AccuVac) 

•  Chlorine  Demand-Free  Water  (see  bebw] 

•  Graduated  Cylinder  (500  mL  tor  SAL  Systems,  1000  mL  for  MlOX  Series  mixed-oxidant  or 
sodium  hypochlorite  systems) 

•  Timer  or  a  watch  with  a  second  hand 

•  Calculator 

Preparing  Chlorine  Demand-Free  Water 

Demand-free  water  is  required  for  determination  of  oxidant  concentration  in  an  on¬ 
site  generator.  Because  the  oxidant  is  being  diluted  significantly,  any  demand  in  the  dilution 
water  will  cause  a  significant  misreading  in  the  oxidant  concentratbn.  There  are  two 
methods  for  making  demand-free  water.  The  first,  and  preferred,  method  requires  UV 
exposure  over  an  extended  period  and  may  not  be  practical  for  quick  analysis.  The  second 
method  is  quicker,  but  the  cafculations  must  be  modified  to  account  for  the  excess  chlorine 
residual  in  the  water.  Note  that  distilled  water,  whether  purchased  at  the  store  or  made  in  a 
lab,  cannot  be  trusted  to  be  demand-free. 

Method  One: 

1 .  Add  5mL  ot  5.25%  bleach  into  one  gallon  of  distilled  water. 

2.  Shake  to  mix  thoroughly. 

3.  Allow  the  water  to  sit  2  days  inside. 

4.  After  2  days  inside,  move  the  water  outside  where  it  will  be  exposed  to  drect  sunlight 
since  ultraviotet  light  reduces  chlorine  to  chbrides. 

5.  Test  a  sampb  for  chlorine  and  allow  to  sit  longer  in  direct  sunlight  if  chlorine  is  still  present. 

Method  Two: 

1 .  Add  3  mL  of  oxidant  solution  into  one  gallon  of  distilled  water. 

2.  Shake  to  mix  thoroughly. 

3.  Allow  the  water  to  sit  for  thirty  minutes. 

4.  Check  the  chbrine  resbual  in  the  water. 

5.  If  there  is  no  chlorine  residual  in  the  water,  add  another  3  mL,  and  wait  another  thirty 
minutes. 
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6.  If  there  is  a  chlorine  residual,  record  the  value  and  wait  another  i 5  minutes. 

7.  Check  the  chlorine  residual  again.  II  the  chlorine  value  is  the  same  as  Ihe  last  leading, 
Ihe  chlorine  demand  in  Ihe  water  has  been  met  and  the  water  is  stable. 

8.  II  the  chlorine  value  is  differeni  than  Ihe  last  reading,  wait  15  minutes  and  check  it  again. 
Repeat  this  procedure  until  Ihe  chbrine  residual  is  stable. 

9.  Record  the  tinal  chlorine  residual  value  for  use  in  the  analysis  that  foibws. 

Measuring  Chlorine  Concentration 

1 .  Fill  Ihe  250  ml  beakei  with  approximately  200  ml  of  mixed-oxidani  or  sodium  hypochlorile 
solution. 

2.  Rinse  Ihe  jar  several  limes  wilh  chlorine  demand-free  water  and  then  till  lo  Ihe  2500  ml,  or 
5000  ml  line  with  demand-free  water,  depending  on  wh'rch  dilution  techniqLre  yotr  are 
using: 

•  SAl-30,  40,  80:  Use  a  1 :2500  dilution  ratio  (=  I  ml  solution  to  2500  ml  water  or  2  ml 
solution  to  5000  ml  of  water). 

•  MIOX-250,  500,  1000  Series;  Use  a  1 :2500  ratio  (=  1 .0  mi  solution  lo  2500  ml  water  or  2 
ml  solutbn  lo  5000  ml  water.) 

•  HYPO  Series  Systems;  Use  a  1:5000  ratio  |=  I  ml  solution  lo  5000  mL  water) 

3.  Rinse  the  pipette  several  times  by  drawing  in  several  mL  of  mixed-oxidant  or  sodium 
hypochlorile  solulbrr  and  discarding  il. 

4.  Wilh  the  pipelle,  accurately  measure  the  solution  sample  needed  (according  to  Ihe 
dilution  technique  used  above)  and  add  to  Ihe  Jar  containing  demand-free  water. 

5.  Cap  and  shake  the  jar  several  secorrds  to  mix  thoroughly. 

6.  Using  Ihe  solutbn  from  the  jar,  take  a  reading  by  foibwing  the  directions  provided  wilh 
the  lest  kit. 

7.  For  demand-free  water  created  using: 

•  Melhod  One  (no  chlorine  residual  in  water):  For  Ihe  chlorine  residual  value  obtained  in 
step  #6  above,  multiply  by  the  dilutiorr  ratio  used  in  step  #2. 


Fxamrsle:  The  chlorine  reading  from  Step  #6  was  1.75  mg/I,  and  Ihe 
dilution  ratio  used  was  1 :2500.  Chlorine  concentration  is: 

1.75  mg/Lx  2500  =  4375  mg/L 


•  Method  Two  (chlorine  residual  present  in  dilution  wafer):  Subtract  Ihe  chbrine  residual 
value  obtained  in  step  #6  above  by  the  chlorine  residual  value  measured  in  the 
demand-free  water  to  determine  the  net  chlorine  value.  Next,  multiply  this  net 
chbrine  value  by  the  dilutfon  ratio  from  Step  #2  to  get  the  chlorine  concentration  of 
the  oxidant. 


Fxamole:  The  chlorine  reading  irom  Step  #6  was  2.25  mg/L,  the 
chlorine  residual  measured  In  the  demand-free  water  was  0.5  mg/L, 
and  Ihe  dilution  ralio  used  was  1 :2500.  Chlorine  concentration  is: 

2.25  mg/L  -  0.5  mg/L  =  1 .75  ntg/L  nel 
1 .75  mg/L  x  2500  =  4375  mg/L 


8.  Repeat  this  process  three  limes,  lake  the  average  ol  these  readings  and  assign  ihis  value 
lo  X  to  calcutate  chlorine  production. 


Measuring  Flow 

Total  production  of  a  system  is  the  prodrjct  of  the  concentration  ot  the  solirtion 
(deferroined  above)  and  the  volumetric  flow  ot  the  solrrtion  over  cr  period  ot  time.  Low 
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concenfratfons  of  oxidant  solution  are  often  erroneously  associated  with  low  productbn.  In 
order  to  calculate  the  total  production,  for  the  system  Itie  he  ftow  rale  must  also  be 
delermined  and  adlusled  if  necessary. 

1.  Remove  the  tubing  that  feeds  the  day  tank  and  insert  into  the  graduated  cylinder  for 
exactly  30  seconds. 

2.  Record  the  number  ol  milliliters  (ml)  collected  in  the  30  second  time  period. 

3.  Assign  the  number  recorded  in  step  2  to  F  in  the  equation  below  to  determine  the  flow  of 
solution  (Y)  iir  GPH: 

„  _  ml  60  seconds  60  minutes  1  liter  I  gal 

30  seconds  1  minute  1  hour  1000  ml  3.79  liters 


OR 

Y=(F)0.03I6622 

It  the  flow  is  measured  lor  only  1 5  seconds,  the  mulliplicatbn  factor  will  be  as  tollowsr 

Y=(F)0.0633244 

Calculating  Chlorine  Production 

Chlorine  production  is  a  firnction  of  concentration  and  flow.  To  calcubfe  daily 
chlorine  production  (Z)  in  lbs: 

_  „  mg  3.79  liters  „  gal  24  hr  11b 

liter  1  gal  hoirr  1  day  454000  mg 

OR 

Z=(X)(Y)0.0002 

Where  the  sample  solution  variables  are; 

X  =  mg/L  chforine  concentration 
Y  =  gph  fiow 
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INJECTION  SYSTEM  OVERVIEW 


Determining  the  correct  amount  ot  on-site  oxidant  soiutfon  necessary  to  disinfect  the 

untreated  or  raw  water  is  dependent  upon  several  measurable  factors  including: 

1|  OXIDANT  DEMAND: 

•  Types  and  amounts  of  microorganisms  in  the  water. 

•  Water  quaiity  and  chemistry  -  such  measures  as  the  turbidity  and  coior,  total  organic 
carbon  (TOC),  pH,  total  dissolved  solids  (TDS),  hardness,  and  biological  or  chemical 
oxygen  demand  (BOD  or  COD). 

•  Physical  characteristics  such  as  temperature. 

2)  CELL  FAC  CONCENTRATION: 

•  FAC  concentration  varies  wiih  each  MlOX  model  size  and  must  be  considered  when 
calculating  the  injection  rate. 

3)  CONCENTRATION  X  TIME: 

•  Concentration  x  Time  (CT)  is  the  residence  time  in  the  distribution  line  -  that  is,  the  flow 
time  between  when  raw  water  is  introduced  into  the  system  and  when  the  first  user 
connects  to  the  system.  Inactivation  of  microorganisms  is  a  function  of  the 
concentratfon  (C)  of  the  oxidant  and  the  time  (T)  the  oxidant  is  exposed  to  organisms 
in  the  water.  Consult  your  local  regutalory  agency  for  proper  CT  values. 

•  Chlorine  CT  values  are  used  with  MlOX  systems.  However,  users  tend  to  see  a  quicker 
inactivation  rate  with  on-site  oxidants  than  with  chlorine. 

4)  DESIRED  CHLORINE  RESIDUAL: 

•  For  potable  water  applications,  the  required  residual  will  be  a  function  of  the  CT 
values  and  chlorine  residual  required  by  the  federal  or  state  regulatory  agency.  The 
U.S.  ERA  requires  a  detectable  chlorine  residual  at  all  points  in  the  distribution  system 
and  a  maximum  of  4.0  mg/L.  Normally,  most  states  requre  a  0.2  ppm  chlorine  residual 
at  all  points  in  Ihe  distribution  system. 

•  For  swimming  pool  and  spa  applications,  in  order  for  the  unit  to  be  NSF-listed,  the 
output  setting  must  t)e  sutticiently  high  to  maintain  a  minimum  of  2.0  ppm  residual 
chbrine. 


AWARNING|  If  jj  critical  to  use  the  correct  amount  of  MlOX  solution  In  the  raw  water  in  order 
to  adequately  remove  any  water-borne  microorganisms  that  may  cause  illness  or  death. 

Before  installing  or  operating  MlOX,  the  factors  described  in  the  preceding  points  must  be 
measured  so  that  the  correct  Concentration  x  Time  (CT)  values  can  be  calculated. 
Measurements  can  usually  be  obtained  from  governmental  health  authorities,  a  licensed 
professional  engineer,  or  water  analysis  laboratories.  CT  values  should  be  calculated  by  a 
competent  health  professional,  professional  engineer  with  water  systems  expertise,  or  other 
such  qualified  professional. 


Injection  Method 

It  is  advisable  to  utilize  a  venturi  injector,  if  possible,  because  ot  low  cost  and  ease  of 
maintenance.  If  the  water  system  has  a  steady  flow  rate,  it  qualifies  for  a  venturi  injection 
system.  A  venturi  injector  uses  differential  pressure  to  draw  on-site  oxidants  into  the  water 
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stream.  A  booster  pump  is  often  used  to  inaease  the  injector  inlet  pressure.  The  most 
common  configuration  is  a  sidestream  injector,  although  many  other  configurations  are 
possible. 

Water  systems  with  a  variable  flow  rate  normally  utilize  a  chemical  feed  pump.  These 
pumps  typically  are  controlled  by  a  4  to  20  milliamp  signal  from  a  controller  (e.g.,  chlorine 
monitor,  ORP  monitor,  or  fbw  meter),  which  adjusts  the  pump  rate  accordingly.  Multiple 
venturi  injectors  and  hybrid  systems  combining  chemical  feed  pumps  with  venturi  injectors 
are  also  possible. 

Injection  Rote 


the  injection  rate  must  be  determined  according  to: 

1.  The  oxidant  demand  ot  Ihe  water 

2.  The  desired  chlorine  residual 

3.  The  FAC  concentration  ot  on-site  oxidants  produced,  which  varies  from  sile  lo 
site. 

Required  dosage  is  found  by  adding  the  oxidant  demand  and  the  desired  chlorine 
residual.  The  required  dosage  is  then  divided  by  the  FAC  concentration  to  find  the  injection 
ratio.  The  water  .system  flow  rate  is  multiplied  by  the  injection  ratfo  to  determine  the  total 
injection  capacity. 


Example;  Site  Q  has  a  MlOX  system  with  combined  flows,  producing  3400  mg/L 
FAC.  Site  Q  also  has  a  water  oxidant  demand  of  2.0  mg/I  and  a  desred 
chbrine  residual  of  0.5  mg/I.  Thus,  the  total  required  dosage  would  be  2.5  mg/L 
(2.0  +  0.5).  Site  Q's  water  system  flow  rate  is  3000  gph  (50  gpm).  Whal  injection 
ratio  and  injection  capacity  does  Site  Q  require? 

1 . )  Divide  required  dosage  by  FAC  concentration  lo  find  injection 

ratio: 

2.5 mg/1  dosage  _  1 
3400  mg/1  FAC  ~  1 360 

[The  injection  ralfo  is  1:1360.  This  means  that  one  part  ot  MlOX 
solutbn  needs  lo  te  injected  info  every  1 360  parts  ot  water  to 
achieve  the  desired  residual.) 

2. )  Mrrltiply  water  system  fbw  rate  by  injection  ratio  to  tind  injection 

capacity: 

3000gphx — ! — =  2.2  gph 
1360 

Oxidant  Injection  Capacity  Required  =  2.2  gph 


MlOX  Cor  poration  recommends  selecting  an  injection  system  with  ample  oversizing  in 
case  ot  water  oxidant  demand  increases,  cell  production  capacity  decreases,  or  a  need  tor 
shocking  the  distribution  system  arises.  Since  chbrine  production  remains  more  or  less 
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constant  with  each  MlOX  system,  shocking  the  water  system  must  be  done  by  increasing  the 
injection  rate. 


NOrE;  MlOX  Corporation  has  a  computer  program  tor  system  sizing  that  also  notes  the 
necessary  Injection  capacity.  The  program  is  available  at  no  cost  to  engineering  firms 
and  distributors. 
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TROUBLESHOOTING/ ACID  WASHING  CELLS 


Indication 

Water  with  a  hardness  of  greater  than  I  grain/gallon  (i7. 1  mg/L)  feeding  water  to  the  MlOX 
generator  will  coat  the  ptates  within  the  cell  with  solid  impurities  such  as  calcium  carbonate. 
Calcium  Carbonate  (CaCOs)  is  usually  white  in  color  but  can  be  other  colors  depending  on 
dissolved  salts  in  the  water.  If  there  is  a  problem,  CaCOs  will  most  likely  be  found  in  the 
cathode  side  of  Ihe  cell.  Al  frst,  CaCOs  will  form  a  thin  hard  film  and  over  lime,  a  coaling 
within  the  cell  will  grow  and  flakes  will  break  off  and  effect  system  performance.  CaCOs  will 
obstrucf,  or  “blind”  fhe  current  path  and  cause  a  decrease  in  mixed  oxidant  (chtorine) 
productbn.  It  uncorrected,  the  cell  can  be  damaged. 

Actions 

1 . )  Acid  Wash  the  Cell  according  to  the  procedure  written  below. 

2. )  Troubleshoot  to  minimize  reoccurrence  of  the  problem. 

Purchase  and  install  a  water  softener  if  one  is  not  being  used,  if  a  softener  is  being 
used,  check  the  hardness  of  the  water  coming  out  of  the  softener.  It  the  water  is  soft,  put  the 
softener  into  a  regeneration  so  that  it  switches  to  the  other  softener  tank.  Check  the  other 
tank  for  hardness  as  well.  If  both  tanks  are  soft,  it  may  be  possible  that  the  salt  is  high  in 
minerals  or  that  the  softener  did  not  have  a  good  regeneration  cycle  because  of  a  brine 
feed  biockage,  low  salt,  check  valve  malfunction,  etc.  Monitor  the  softener  ciosely.  If  the 
water  from  the  softener  is  hard,  check  that  the  source  water  hardness  has  not  changed,  and 
check  the  regeneration  cycle  settings,  as  well  as  the  regeneration  frequency. 

Acid  Washing  Cell 

Equipment  Needed 

1 2  inch  channel  lock  or  slip  joint  pliers 

7/]  6  inch  wrench,  inch  wrench  or  crescent  vwench 

5  gaibn  bucket  or  simibr  container 

Latex  'acid'  gloves 

Face  shfeld 

Apron 

Small  tunnel 

3/8  inch  tubing  (6  inches) 

3/8  inch  push-in  valve  or  plug 
Paper  towels  or  rags  -  i  Roll 
Water  -  I  gal 

Acid  (hydrochloric  acid,  muriatic  acid,  citr'ic  acid)  -  i  gal 

Note:  The  quantity  of  acb  and  water  needed  will  be  determined  by  the  size  of  the  cell  you 
are  washing,  what  quantity  of  cells  you  are  washing  and  how  many  wash  cycles  you 
perform.  These  quantities  are  exampbs  and  show  the  proper  ratio  ot  acid  to  water  when 
mixing  37%  Hydrochbric  acb  with  water. 

Procedure 
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ikWARNING 


LOCK  OUT!  TAG  OUT!  The  system  must  be  shut  down,  electrically  isolated  and 


water  shut  off  before  you  proceed. 


I.Slep  I 

Tools/Parts  Reauied:  12"  Channel  Lock  or  slip  joint  pliers 

•  Drain  the  oxidant  manifold  piping  by  removing  the  barb  fitting  at  the  cell.  Once 
removed,  water  will  begin  to  drain  from  the  manifold. 

•  Capture  or  soak  up  the  drained  wcitei.  Continue  lo  do  so  untii  liie  manifolds  are 
drained. 


NOTE:  Ensure  that  ail  spilled  liquid  Is  cleaned  up  Immediately.  The  fluid  can  corrode 
electrical  fittings  and  also  leak  Into  the  transformer  cabinet  causing  electrical 
problems. _ 


2.  Step  2 

•  Drain  the  cell  by  opening  the  manual  valve  located  on  the  inlet  teed  tubing  ot  the 
cell.  It  there  is  no  vcrive  simply  unplug  the  inlet  teed  tube  at  the  plug-in  fitting  located 
on  the  cell.  Water  will  begin  to  drain  from  cell  and  from  tubing. 

•  Capture  or  soak  up  the  drained  water.  Continue  until  all  water  is  drained. 

3.  Step  3 

Tools/Parts  Required:  7/] 6  inch  wrench  (for  SAL  units  and  small  HYPO  units)  or  a  crescent 
wrench;  ’/5  inch  wrench  (for  Mid  MlOX  and  Mid  HYPO  units),  or  a  crescent  wrench 

•  Remove  cell  leads  from  cell.  This  is  done  by  removing  the  bolts  that  attach  the  leads 
to  the  cell.  On  SAL  and  small  HYPO  units,  there  are  two  leads,  on  Mrd-MlOX  and  Mid- 
HYPO  units  there  are  tour  leads. 


Step  4 

Tools/Parts  Required:  None 

•  Remove  cell  from  .sy.stem. 

•  Place  cell  near  a  drain  or  a  sink  in  a  welkverrtilaled  area  with  cell  outlel  iTranitolds 
lacing  up.  Be  sure  lo  secure  cell  lo  preverrt  il  horn  tailing  over  and  causing  damage 
to  I  he  cell. 


NOTE  the  placemen!  and  orienlalion  of  the  cell  when  removing  from  system  lo  ensure 
il  is  placed  back  in  Ihe  system  in  Ihe  same  manner  -  see  step  7. _ 


4.  steps 

Tools/Parts  Required:  5  gaibn  Bucket  or  similar  container,  acid,  water,  latex  'acid'  gbves, 
apron,  face  shield 

•  Irr  a  5-galforr  bucket  or  simitar  container  prepare  orte  of  Ihe  tollowirrg  acid  solution. 
Note:  If  weaker  acid  solutions  ate  chosen,  they  are  still  elfeclive.  They  will  sufficienlly 
cban  the  cell  it  allowed  to  sit  bnger. 

o  To  make  a  6N  ITCI  acid  solution,  add  I  part  37%  hydrochloric  acid  into  one  part 
water. 
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o  Muriatic  acid  (3t%  hydrocliloric  acid)  can  be  mixed  lo  make  an  approximate 
6N  HCI  solution  by  adding  1  part  murialic  acid  into  one  pail  walei.  This  is  a 
weaker  add  solution  than  6N  HCI. 

o  Citric  acid  is  a  weaker  add  solution  than  4N  HCI  or  4N  muriatic  acid. 


NOTE:  Follow  the  manufacturer's  safety  precautions  and  procedures  for  handling  and 
disposal  of  add.  REMEMBER  -  ALWAYS  ADD  ACID  TO  WATER,  NEVER  ADD  WATER  TO 
ACID. 


5.  Step  6 

tools/Paits  Required:  3/8  inch  tubing,  push-in  valve  or  plug,  tunnel,  latex  'acid'  gloves,  solely 
glasses,  apron,  face  shield 


Willi  cell  outlets  facing  up  and  cell  secured,  proceed  as  loltows: 

•  Plug  the  cell  inlet  with  a  piece  ol  3/8  tubing  and  a  push-in  valve  or  plug. 

•  Using  a  small  funnel,  pour  the  acid  and  wcitei  mixture  into  the  cell  through  the  cell 
outlets.  Pour  mature  into  cell  until  cell  is  completely  filled. 

•  Allow  cell  to  sit  with  mixture  for  about  15-20  minutes  (30-40  minutes  it  using  a  weaker 
acid  solution) 


NOTE:  The  time  the  cell  sits  with  the  acid/water  mixture  will  vary  depending  on  the 
type  ot  acid  solution,  the  amount  of  mineral  build-up  on  the  cell  components  and  the 
particular  mineral  buildup  being  removed.  When  finished  acid  washing,  property 
dispose  ol  remaining  mixture. _ 


Follow  the  manufacturer's  safety  precautions  and  procedures  for  handling  and  disposal  of 
acid. 


•  Drain  cell 

•  Rinse  cell  with  fresh  water. 


NOTE:  If  cell  components  still  have  a  mineral  build-up  on  them,  it  may  be  necessary  to 
lepeot  appropriate  portions  ol  steps  5  and  6. _ 


6.  Step  7 

Ptace  the  cell  in  system  in  accordance  with  operations  and  maintenance  manual.  Be  sure 
lo  place  Ihe  cell  back  in  Ihe  system  In  the  same  orientation  as  il  was  removed  in  step  4. 

7.  steps 

Tools/Pails  Required:  7/16  inch  wrench  (lor  SAL  or  small  HYPO  units)  or  crescent  wrench, 
Wrencti  (lot  Mid-MlOX  and  HYPO  units)  or  crescent  wrerrch,  )2  irrch  chartnel  lock  or  slip  joinl 
pliers 

When  the  cell  has  been  placed  back  in  the  system,  proceed  as  foibws; 

•  Connect  cell  inlet  lube. 

•  Connect  orifice  unions  to  cell  outlet  manifolds. 
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•  Clean  all  leads  and  buss  bars 

•  Apply  a  liesh  coat  of  coppei  conductive  grease  to  conducting  surfaces 

•  Connect  leads  to  cell  with  existing  bolts,  apply  torque  as  tollows: 

o  100  inch-pounds  (11.56  Newlon-Meters)  for  smaller  systems  (Sal  series  and 
small  HYPO  series) 

o  60  fool-pounds  (81,35  Newton-Melies)  loi  Mid-MlOX  series  and  Mid-HYPO 
series 

•  Verity  that  all  electrical  and  plumbing  connections  are  properly  connected  and 
secure. 

8.  Step? 

•  Stall  the  system  in  accordance  with  the  operations  and  maintenance  manual. 

•  Allow  the  system  to  operate  and  stabilize  for  1 5  to  20  minutes. 

•  Check  for  leaks. 

If  a  system  tag  out  was  used,  remove  tags  before  starting  system. 


86 


ERDC/CERL  TR-09-28 


B107 


CELL  INSTALLATION 


1.  Removing  old  cell 

•  Turn  oft  power  to  the  system. 

•  Disconnect  cell  leads  from  the  buss  bars. 

•  Remove  cell  from  bracket,  noting  orientation  of  red  and  btack  disconnects. 

2.  Installing  new  cell 

•  Ptace  new  cell  in  bracket  making  sure  red  and  bbck  disconnects  are  oriented  as 
before. 

•  Check  flange  nuts  and  buss  bars  for  corrosfon: 

-  Remove  outer  flange  nuts  and  buss  bars,  and  clean  or  replace  if  corroded. 

-  Check  inner  flange  nuts  and  clean  if  corroded;  tighten  just  past  fingertight. 

-  Reattach  buss  bars  and  outer  flange  nuts,  and  tighten  to  75  inch-lbs. 

•  Inspect  cell  lead  ends  and  lugs  tor  corrosion: 

-  Remove  all  corrosion  with  wire  brush  or  sandpaper. 

-  If  corrosion  is  heavy,  cut  and  strip  jacket  ends  and  install  new  lugs.  MlOX 
recommends  closed-end,  copper  crimp  lugs  with  heat  shrink  installed  to 
protect  the  wires  between  the  wire  jacket  and  lug. 

•  Connect  cell  etectrical  leads: 

-  Match  red  lead  to  buss  bar  on  side  of  cell  with  red-  manifold. 

-  Match  black  lead  to  buss  bar  on  side  of  cell  with  black-  manifold. 

-  Tighten  both  connections  to  75  inch-lbs.  of  torque. 

•  Check  and  tighten  cell  lead/lug  flange  nuts  to  75  inch-lbs.  torque. 

3.  Check  Cell  Operation — Perform  checks  frequenfly  for  first  2  weeks,  and  then  weekly 
thereafter. 

•  Check  temperature  of  cell  buss  bars: 

-  Less  than  85  °F  (warm  to  touch)  is  normal. 

-  Greater  than  85  °F  (hot  to  touch)  indicates  corrosion  or  loose  connections. 

-  Shut  down  system  and  repair. 

-  Contact  distributor  if  problem  persists. 

•  Tighten  outer  fbnge  nuts  on  the  buss  bars  to  75  inch-lbs. 

•  Tighten  cell  lead  connection  to  75  inch-lbs. 

•  Tighten  cell  perimeter  bolts  to  50  inch-lbs. 

•  Repair/reptace  parts  if  leaking. 

4.  Returning  the  old  cell 

•  Contact  MlOX  Corporation  Customer  Service  to  obtain  a  return  merchandise 
authorization  (RMA)  number. 

•  Pack  cell  in  original  packing  materials  or  an  appropiate  substitute  to  prevent 
damage  during  shipping. 

•  Note  the  installation  site  name,  system  serial  number,  and  number  of  hours  the  cell 
has  been  used.  Encbse  this  information  with  the  cell. 

•  Send  the  package  freight  prepaid  to: 

MlOX  Corporation 
ATTN:  Customer  Service 
5601  Balloon  Fiesta  Parkway  NE 
Albuquerque,  NM  87il3 

Please  call  your  MlOX  distributor  tor  questions  regarding  service  or  cell  replacement. 
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BRINE  PUMP 


MlOX  SAL  system  brine  pumps  are  24  VDC  magnetically  driven  gear  pumps.  The  rotation 
speed  of  the  gears,  and  thus  the  pump  flov^,  is  controlled  by  a  0  to  5  VDC  signal.  Unless  there 
is  a  catastrophic  failure,  these  pumps  should  last  for  thousands  of  hours. 

Check  the  following  items  to  determine  why  the  pump  is  not  operating: 

Air  Lock 

The  brine  pump  tubing  can  sometimes  devebp  an  air  lock  (especially  on  initial  start¬ 
up)  that  does  not  allow  the  flow  of  brine  to  the  brine  pump.  The  pump  will  usually  overcome 
this  air  lock,  but  it  is  often  quicker  to  help  prime  the  pump.  To  prime  the  pump,  either  loosen 
a  tube  fitting  so  that  air  escapes  or  add  water  to  the  tubing.  In  extreme  cases,  disconnect 
one  of  the  solenoid  wires  (pin  12  or  13)  while  the  MlOX  system  is  running.  This  will  stop  water 
flow  and  allow  the  pump  to  prime  itself. 

Improper  Wiring 

Check  that  the  wiring  is  correct  and  that  the  connectors  pinch  the  metal  wire  and  not 
the  plastic  protective  sleeve; 

♦  White  or  Clear  (Pump  Control  Voltage)  to  connector  21 

♦  Black  (Return  Voltage)  to  connector  23 

♦  Green  or  Bare  (Pump  Tach  Output)  to  connector  26  (May  not  be  present  since  Tach 
is  not  monitored) 

♦  Red  (Positive  24  VDC)  to  connector  bbck  opposite  of  Red  Wire 

♦  Bare  not  used  (May  not  be  present). 

Water  Damage  of  the  Magnet 

Remove  the  six  screws  that  hob  the  pump  head  flange  on  to  the  magnet  assembly. 
Visually  inspect  the  magnet  tor  corrosbn  and  water  damage.  It  corrosion  is  present,  the 
pump  is  likely  damaged  or  will  soon  be  damaged  and  needs  to  be  reptaced.  Determine 
how  water  and/or  salt  is  entering  the  magnet  area  and  correct  to  prevent  damage  in  the 
future. 


NOTE:  Brine  pumps  are  splash  proof,  but  not  water  proof.  Do  not  allow  the  pump  to  become 
wet  from  leaks,  salt  creep,  hosedowns  or  other  actions  that  might  allow  water  near  the  pump. 


Salt  Accumulation 

If  the  system  has  been  idb  tor  an  extended  perbd  of  time  dried  sail  can  accumulate 
on  the  internal  gears.  To  clean  the  pump,  remove  it  from  the  system  and  run  fresh  water 
through  the  pump  head  tor  5  minutes.  Retry  the  pump  operation.  It  salt  accumubtbn  is 
visibte  on  the  outsbe  of  the  pump,  the  threaded  fittings  on  the  inlet  and/or  outlet  of  the 
pump  head  are  not  sealing  properly.  Remove  the  fittings  and  any  excess  Spears  blue  75 
thread  sealant.  Reapply  two  or  three  wraps  of  Spears  blue  75  thread  seatant  to  the  threads 
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of  the  fitting,  but  be  sure  that  the  last  thread  (trst  thread  inserted)  is  free  of  Spears  blue  75 
Ihiead  seabnt. 


AWARNING[  gg  jypg  not  to  get  Spears  blue  75  thread  sealant  or  pipe  compound  on  the  end  | 
of  the  fitting  to  avoid  any  material  entering  the  pump  gears. 


Relnslall  botit  fittings  in  the  pump  head,  making  sure  that  the  check  valve  fitting  is  on 
Ihe  discharge  end  of  Ihe  pump  and  secure  tightly.  II  necessary,  return  the  pump  to  Miox 
Corporalfon  foi  evaluation  and  lepaii. 
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FLOAT  VALVE 


Introduction 

In  early  1998,  MlOX  revised  Ihe  float  valve  configuration  to  use  a 
National  400  float  valve  that  is  sold  for  replacements  in  toilet  tanks 
(commodes).  These  valves  are  designed  to  operate  at  300  psi  for 
2,000,000  cycles.  They  have  proven  to  be  reliable  when  there  is  no 
physical  binding  of  the  float  mechanism.  Top  and  bottom  centering 
guides  are  incorporated  in  the  design  to  ensure  that  the  float 
mechanism  is  free  from  obstruction.  A  special  adapter  has  also  been 
incorporated  in  the  design  to  ensure  that  the  0-ring  seal  at  the  bottom 
of  the  valve  is  installed  and  seals  properly.  The  float  valve  assembly  is 
shown  in  Figure  1 6.  This  assembly  is  designed  to  slide  into  the  4"  PVC 
pipe  Stillwell.  Generally  speaking,  the  only  fluid  in  the  Stillwell  is  clean 
water. 

Troubleshooting 

There  are  situatbns  where  an  overfbw  in  the  brine  tank  is  falsely 
associated  with  the  float  valve.  Double  check  that  water  is  not  getting 
into  the  brine  tank  due  to: 

1|  A  plugged  drain  line,  frequently  caused  when  the  overfbw  line  to 
the  brine  generator  is  connected  with  the  drain  line  to  the  water 
softener.  This  configuratbn  could  allow  water  discharged  from  the 
softener  to  back  up  lo  the  brine  generator  tank  through  the 
overflow  port. 

2)  A  malfunctioning  check  valve.  The  line  between  the  brine  tank 
and  water  softener  may  not  have  a  check  valve,  or  the  check 
valve  may  be  installed  backwards.  The  check  valve  must  albw 
brine  to  flow  to  the  softener,  but  not  albw  fbw  from  the  softener 
back  to  the  brine  generator. 

Figure  16.  Float 

Procedure  Valve  Assembly 

Before  proceeding,  turn  off  the  water  lo  the  system.  To  remove 
the  valve  assembly,  disconnect  the  union  fitting (s)  above  the  4"  PVC 
pipe  cap  and  slide  the  assembly  (with  the  4"  pipe  cap)  out  of  the  pipe.  Do  not  pull  up  on  or 
allow  the  4"  pipe  to  come  out  of  the  brine  generator,  parficularly  if  there  is  salt  in  the  brine 
generator.  If  the  pipe  is  removed,  it  will  be  difficult  to  get  it  back  into  the  brine  generator 
without  first  removing  the  salt. 

To  check  the  float  valve  assembly  for  leaks,  reconnect  Ihe  float  valve  assembly  to  the  union 
fittings  with  the  float  vatve  outside  of  the  4"  pipe.  Gently  slide  the  fbat  up  on  the  stem  until  it 
stops.  While  holding  the  float  up  in  the  shut-oft  positbn,  turn  on  the  main  water  supply  and 
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check  the  valve  and  fittings  foi  leaks.  Gently  move  the  float  valve  up  and  down  to  be  sure  it 
is  shutting  off  the  water  properly. 


ACAUTION 


Avoid  excess  water  spray  to  surrounding  equipment. 


It  the  assembly  is  leaking  at  one  ot  the  glue  joints,  perform  field  repairs  with  3/8"  schedule 
80  PVC  pipe  and  fittings.  If  a  threaded  joint  is  leaking,  re-coal  with  Spears  blue  75  thread 
sealani  (oi  eciuivalent)  and  re-tighten  tire  joint.  Recheck  for  leaks. 


I  ACAUTION  I  Qjj  allow  Spears  blue  75  thread  sealant  or  pipe  joint  compound  to  get 
inside  the  fittings  or  valves. 


It  Ihe  lloat  valve  is  leaking  oi  fails  lo  strut  oil,  disassemble  the  valve  to  clear  lire  source  ol 
obstruction  or  replace  Ihe  (loal  valve.  The  lloal  valve  can  Ije  disassembled  wiltioul  tools.  II 
Ihe  valve  is  lo  be  leptaced,  a  replacement  unit  can  be  obtained  through  your  MlOX 
distributor  or  hardware,  builder's  supply,  or  pltrmbing  stores.  The  ftoat  valve  is  screwed  on  to 
an  odapter  bushing  that  is  custom  made  tor  this  application.  If  replacing  the  valve,  it  may 
not  be  necessary  to  replace  the  O-ring  that  is  in  the  bottom  of  the  bore  in  the  adapter  fitting 
even  though  a  new  O-ring  is  typically  included  with  each  float  valve.  The  O-ring  will  be 
difficull  lo  remove  from  the  bore  ol  the  adapter  lilting,  since  the  O-ring  is  about  I"  down  in 
Ihe  boltom  of  the  annular  space  betweeir  the  threads  ol  Ihe  adapter  filling  and  Ihe  oulside 
ot  Ihe  3/8"  diameter  pipe  slerrr,  which  is  slicking  up  out  of  the  adapter.  If  Ihe  0-rirrg  requires 
replacement,  it  will  have  to  te  fished  out  wIIIt  a  piece  of  wire  or  paperclip  with  a  hook  on 
the  end.  When  re-installing  the  fbat  valve  on  the  pipe  assembly,  re-install  an  O-ring  (it 
required)  and  screw  the  fbat  valve  all  the  way  to  the  bottom  ot  the  bore  in  the  adapter 
fitting  since  the  O-ring  will  provide  the  seal  at  the  bottom  of  the  bore. 

It  the  assembly  is  checked  and  has  no  baks,  the  only  other  problem  can  be  binding  ol 
Ihe  tioal  or  fbal  lever  arm  in  Ihe  bore  of  the  4"  PVC  slillwell  afta  Ihe  assembly  is  inslalled  itr 
Ihe  pipe.  The  assembly  has  centering  guides  at  Ihe  top  and  bottom  lo  hold  il  in  Ihe  center 
ot  the  pipe.  The  plumbing  coming  out  ot  Ihe  bottom  ot  the  float  valve  adapter  spool  and 
then  turning  up  and  going  over  Ihe  top  of  the  float  valve  is  3/8'  schedute  80  PVC  pipe. 
Alignment  of  the  tbat  on  the  valve  with  the  3/8"  side  pipe  in  the  pirjmbing  is  critical  lo  avoid 
binding  ot  the  float  to  the  3/8'  pipe  or  the  inside  wall  ot  the  4"  PVC  pipe  Stillwell.  The  float 
valve  mechanism  itself  is  designed  lo  be  adjustable  in  height  and  orfenlatbn  of  the  float 
rnectrarrisnr  with  respect  lo  Ihe  center  of  Ihe  tioal  valve.  The  inner  and  outer  pipe  stem  on 
Ihe  Ibal  valve  is  designed  lo  screw  artd  unsaew  lo  extend  or  shorten  the  overall  length  ol 
Ihe  lloal  valve.  Rotate  the  up|3er  section  ol  Ihe  float  valve  with  respect  to  the  lower  section 
so  that  the  float  is  next  to  Ihe  3/8"  riser  pipe.  Refer  to  Figure  I/.  However,  llie  lloal  must  not 
be  allowed  to  touch  Ihe  3/8'  riser  pipe  even  when  the  assembly  is  tying  on  its  side.  Aligning 
Ihe  lloal  next  lo  the  3/8'  riser  pipe  will  ensure  that  ttie  float  does  not  hang  up  on  the  inside 
wall  of  Ihe  4"  PVC  Stillwell  pipe.  Re-connect  the  tioal  valve  to  the  water  source  and  check 
lor  leaks. 
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Figure  17.  Section  through  Center  of  Float  Valve 

Slide  the  float  valve  assembly  into  the  4"  PVC  pipe  and  visually  verily  lhal  no  pail  ol 
Ihe  Ibat  valve  oi  tevei  arm  hangs  up  on  the  inside  wall  ol  Ihe  4"  pipe.  ReconnecI  water  and 
check  for  pioper  operation. 
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SOLENOID 


The  solenoid  ^Figure  18^  has  a  1/8"  orifice  and  is  normally  cbsed.  It  is  bcated  on  the  pipe 
manifold  just  next  to  the  PRV.  It  has  a  brass  body  with  a  btack  electrical  coil  with  two  lead 
wires  going  to  the  junction  box.  Its  functfon  is  to  turn  the  water  fbw  on  and  off  to  the  system. 
On  occasion,  the  sobnoid  can  become  plugged  with  debris  and  will  not  close  properly. 
Folbw  these  directions  to  disassemble  and  clean  the  solenoid. 

1.  Turn  oft  the  system  and  cbse  the  water  supply  valve. 

2.  Remove  the  top  nut  that  holds  the  black  electronics  portion  on  to  the  stem.  Place  the 
electronics  portion  aside. 

3.  Hob  the  valve  body  firmly  with  a  wrench  to  avoid  damage  to  pipe  fittings.  Apply 
another  wrench  directly  to  the  hex  flange  to  loosen  the  sleeve  assembly.  Once  it  is 
loosened,  the  plunger  and  return  spring  can  be  removed.  Inspect  plunger  and  oriffce 
for  debris. 

4.  Clean  all  fDarts  (excluding  the  black  electrical  portion)  with  mib  soap  and  water 
solution. 

5.  To  reassemble  the  parts,  please  refer  to  the  drawing  below.  All  parts  must  be 
replaced  in  the  order  shown  on  the  drawing. 

6.  For  reference,  the  orientation  of  the  solenoid  is  important.  The  directbn  of  flow 
through  the  valve  goes  in  the  port  stamped  with  a  “i"  and  comes  out  the  port 
stamped  with  a  “2.” 
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Figure  18.  Solenoid 
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LEVEL  SWITCH 


The  level  switch  measures  the  level  ot  on-site  oxidants  in  the  solution  tank,  signaling  to 
the  MlOX  system  when  to  resume  production  ot  on-site  oxidants  and  when  to  cease 
productfon  of  on-site  oxidants  and  go  into  standby.  The  switch  functbns  with  an  upper  float, 
which  indicates  a  full  tank,  and  a  lower  float,  which  indicates  iow  level.  When  the  oxidant 
solution  tank  is  dry,  the  switch  is  Normally  Closed  (NC)  wilh  both  floats  in  the  down  position. 
Within  each  float  is  a  reed  switch  to  signal  the  MlOX  system.  Operation  of  the  level  switch 
can  easily  be  checked  with  a  multimeter  that  has  continuity  or  resistance  (ohms). 

Checking  Operation 

Before  checking  the  electrical  circuit,  visually  inspect  the  level  switch  tor  build-up  or 
bbckage  that  might  be  preventing  proper  motion  of  the  floats.  Also  verity  that  the  floats  are 
properly  limited  in  motion  (should  not  move  more  than  0.5  inches).  Next,  locate  the  three 
wires  coming  out  of  the  top  of  the  level  switch,  and  verify  that  all  are  corrosbn-free: 

♦  Btack- Common 

♦  Red  -  Bottom  Switch 

♦  White -Top  Switch. 

To  check  ebctrical  function,  the  probes  of  the  multimeter  can  be  touched  either  to  the 
connector  pins  in  the  junction  box  or  drectly  to  the  level  switch  wires,  after  disconnecting  the 
wires  from  the  junction  box. 

Bottom  Switch: 

To  measure  the  circuit  tor  the  bottom  switch,  touch  the  biack  probe  of  the  multimeter 
to  the  bbck  wire  on  the  tevel  switch,  and  touch  the  red  probe  of  the  multimeter  to  the  red 
wire  on  the  level  switch.  The  circuit  should  be  cbsed  when  the  bottom  switch  is  down, 
regardless  of  the  positbn  of  the  top  switch.  To  create  an  open  circuit,  toggle  the  bottom 
switch  to  the  up  position.  Again,  toggling  the  top  switch  should  not  affect  the  circuit. 

Top  Switch: 

Continue  touching  the  black  probe  to  the  block  wire,  and  move  the  red  probe  of  the 
muitimeter  to  the  white  wire  ot  the  level  switch.  The  circuit  should  be  cbsed  when  the  top 
switch  is  down,  regardiess  of  the  position  ot  the  bottom  switch.  To  create  an  open  circuit, 
foggte  the  top  switch  to  the  up  positbn.  Again,  toggling  the  bottom  switch  should  not  affect 
I  he  circuit. 

If  the  multimeter  does  not  indfcate  a  closed  circuit  when  the  instructions  above  are 
followed,  the  level  switch  is  damaged.  Contact  your  representative  for  a  new  tevel  switch. 


Top  Switch: 

Bottom  Switch: 

Closed  (Jr) 

Closed  (4-) 

Closed  (T) 

Open  (| ) 

Qoen  (-j. ) 

Closed  (J.) 

Open  (,(. ) 

Open  ) 

MlOX  System 

Tank  is  dty  (system 

Tank  is  filling 
(system  is  ooeratinal 

System  fault 

System  is  in  standby 
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lop  Switch: 

Ocsed  I'l-) 

Closed  (Jr) 

Open  (| ) 

Open  ) 

Bottom  Switch: 

Cicsed  I'l) 

Open  (| ) 

Closed  (Jr) 

Open  ) 

IntoipMloNoii: 

will  begin 
operation) 

or  IS  In  standby 
ftank  IS  beina  drained) 

(impossible 

confiaa-atlon) 

(tcnkjust  filled  and 

IS  stcrtina  to  drain) 
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Appendix  E  -  SYSTEM  PROCESS, 
INSTRUMENT,  AND 
ELECTRICAL  SCHEMATICS 
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Appendix  F  - 
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MATERIAL  SAFETY  DATA  SHEET 


IDENTITY  CAs  Used  on  label  and  Lisl) 

MlOX  Combined  Anolyte  and  Caihofyte  Solutions 

Note.  Blank  spaces  are  not  permifledif  any  item  is  not 
applicable,  or  no  Infoimation  is  avalable  The  space  must 
be  marked  to  indicate  that 

Section  1 

Martulaciurer'S  Name 

emergency  lelephone  Number 

MlOX  Corporation 

1 .903  34341090 

Address  (Numbei,  btreel.  City,  Stale,  and  Zip  Lode] 

I  elephone  Number  for  Information 

5601  Balloon  Fiesta  Parkway 

1305343  0096 

Albuquerque,  NM  67113 

3aie  Prepared 

Mavll.2016 

Hiiar<icutC«npon«rt*  (So<.#ceCh*«Tttc«Hd*(1lty  CemifionNam^tt)) 


Liiiiceiilf.i1ioii>.  Ill  mti/L 

TTnrprr 

Ai.'MH 

Tiv 

IHifir*- 

MlOX  Umi 

BP5/P3 

5AL-30 

SAL-4U 

iAL-60 

mulT 

M-luuW 

M-AUN 

M-tuul'l 

MlOX  Cell  Size 

C5 

CIO 

C40 

C80 

025 

C60 

C10C 

C250 

C500 

r-..  .m-lp-'Mlri) 

ClyHOCUOO'  CNoriiw  eMHvpocNsroui 

di'llT 

?’Qn 

?Fm 

i40n 

jnno 

4000 

annn 

4CCO 

4nnn 

DF 

M.'A 

M/A 

Hy(»eger%  Cm  danlvad  m  vUion 

d 

t: 

« 

t' 

y 

a 

l-l/A 

ll'A 

MAV 

NtOH  Sodum  HvcnwXpH  <1001 

<6 

<5 

<F. 

<? 

<5 

<5 

<f. 

<5 

<  8 

NjA 

I'l.’A 

PH.-I2  5' 

H]Hva’Oi)WtOMRU«(niLar<n)at  STP  $ 

77 

1^ 

to; 

b  Jb4 

a/  .b'Jh 

N/A 

I'I.'a 

m.'a 

*G3s  phase  bmil  for  diloiine  gas  ^sn  see  Section  iVbFlw  'ffC  RA  chat.^^,te^lsllcs  o<  coirosYii^  in  sc-lmii'jn 


The  MlOX  anolyie  and  catfiolyte  solutions  are  generated  eleciiolytically  from  a  sodium  chloride  brine.  The  mined-oxidani  solution 
made  by  combming  the  anolyte  and  caiholyte  sotulions  contains  several  chemical  components  which  are  eeher  dissolved  completely 
or  are  in  dynamic  equibbrium  with  the  overlying  gas  phase. 

Hazards  are  associated  largely  with  the  gases  that  may  evolve  from  the  solution.  At  the  operafeonalpH  ofihe  combined  solution, 

dssotved  Cljgasis  completely  hydrolyzed  to  the  forms  HOC  I  and  OCT;  ihusC^  gas  evolution  is  minimal 

The  pH  of  combned  anolyte  and  cathoiyte  from  all  cels  is  pH  <10.0  (usually  <9.0).  The  NaOH  concentration  in  these  solutions  is 

nominally  <4  mg4..  §  STP  is  OC  and  1  atmosphere.  Gas  rate  increases  proportional  to  the  absolute  temperature  and  inverse  to  barometric  pressure. 

HtzsdoueConponartt  (SowceChamicilldarlity  ConinonNtme(sp 


WdfiMiW 

ACGIH 

TLV 

Recommended 

BMmai 

migearii 

i;«!lewil 

l!g.-'i!g| 

MMingi 

HYPO  Cell  Size 

TtgTM 

l!R?il 

RfgRil 

ITWJi'il 

lTT8?iBl 

HMlilitl 

?ixi:i 

MalililiM 

ROOD 

ecGo 

RCrr 

Hnno 

0  5 

N.'A 

N/A 

HjHvnogen  '>5;  m  9?>jrior 

o 

N.'A 

N/A 

N«0H  Sodpuri  ,  pH  -  10  Ol 

<6 

<s 

<  6 

1M 

1M 

<  5 

^^9 

N.'A 

N/A 

jiigM 

1 

iii^ 

mam 

Man 

didtea 

■MBa 

Th7  MiOX  iijTcclibiite  io  utiun  li  geiiei  alBd  electrolyticaly  fiom  a  sodnjn7"cnlorl3^rin^TliTby^chloiit8  solution  ccntams 

several  chemical  components  which  ere  either  dissolved  completely  or  are  in  dynamic  equilibiium  with  the  overlying  gas  phase 
Hazards  are  associated  largely  with  the  gases  that  may  evotre  from  the  solution  Al  the  oparabonal  pH  of  the  solution,  diesotvad 
Cl]  gas  is  completely  hydrolyzed  to  the  forms  HOCI  and  OCT;  thus  Clj  gss  evolution  it  minimal. 

The  pH  ofihe  solution  from  all  cells  is  pH  <  100  (usually  <  9.0).  The  NaOH  concentration  in  these  aolulions  is  nominally  <4  mg4.. 
§  STPisOC  and  1  atmosphere.  Gas  rate  increases  proporiional  to  the  absolute  temperature  and  inverse  to  barometric  pressure. 


S^cMon  III  ♦  PhytlcirifCh»mictl  ChOT< 


BoUng  Pont 

Speafe  OravitY  (HjO"  1) 

1  03 

Vapor  Pretture  (mm  Hq) 

N/A 

Meltinq  Point 

Vapor  Density  (AIR  u  1) 

N/A 

Evaporabon  Rate 

N/A 

(Butyl  Acetate  =1] 

Solubility  in  VWtar  Compleiely  Soluble. 

Appearance  and  Odor  Clear  Liquid.  Mild  Caustic  Odor. 
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MIOJ^cmbinei^Moj^te^ 


and  Hv[iuol)lo(he  soliitioii  tontitiiK/J... 


"TTSr 


|<.1%  (Hit  |742^  (H,) 


’LooiatandOpipo'ExflosvaUnilUtomN  lt<iirg3ft>.C 


,  Vied  VanNodranaRciMwldCo^HV  1979 


UnueuatPue  and  Explasinn  Hazards 

Hydtoyen  buildup  can  occur  in  a  tightly  sealed,  unvonlHated  oncloeuro.  Spar  Is,  open  flames, 
a  mokbiQ,  and  other  sources  of  tqnllion  s  hould  be  avoided  urften  MlOX  systems  are  In  operatioii. 
^2Uf^gJtjgh2JC|^4tMocala|»^iollon^ulliJlnjj^|«irlcal^n^rf«^codw^^^^^^^^ 


Sdctlon  V  •  Reactivity  Data 

HcM/jyiijMijLotngolWllj«^^__^^^ 

^^^j^u^^ewnposttionT^j^ioSuctT 

None 


X _ X _ X 

HmiIH  Ha;«'il$  lAcuIr-  and  Chrg/ml 

Inhalation  of  hydtogrm  gas  causes  nnsympinms  (the  primary  hazard  fmm  hyrtrngerr  gae  Is  expimlorrs^  Fxpusure 
10  combfneit  colutian  causes  minor  skin  or  eye  itrRailon.  Ingeetion  causes  voniiting  and  gastric  dfstrees. 


Exposure  to  skin  causes  mild  irrftatlatL  Ingestion  causes  votnKing. 


Memtzl  C  o'id’ton? 

tener^ili|^ggNtvn£i0^yE»^&sur^^^^^ajmatlll^^^^^^^ 

Wash  immediately  tf  skin.  eyes,  or  mouth  ate  exposed  lu  solutien. 
Induce  vomiting  IfsoluliDnis  Ingested. 


Pjec3ut|OP2J2^iiiJj£I^21Iii2^112Si^£S.I!2Ell3__^5i2i£2£ilLEI2£2!2i2J2JLS3S!il2i^^^^^^^__^^^^^^^_^_^^— 

Olliei  Precautions  MlOX  production  areanuut  be  well-vsntlatea  to  prevent  hydrogen  gas  accumulaiion.  Ensure  coinplitnicc  with 

local  and  national  biiildhig.  electtlcai,  andsafeiy  codes. 


Section  VIII  •  Control  Measures 


Ro-jp-istoiy  Piotecson  (Sdoc-Iy  T  ype) 

Nonereoulred^^^^^^^^^^^ 


Veriiiaiicn 

.ocsl  k<hju&1 

ttorm^  room  ventilation  I  I 

i.[i,"  ivi  Not  inquired 

'^ecr<ariiczt  I'jsnoisfi 

Normd  room  ventilation  1  1 

i.iUu  N'A 

PifiK-aiv-  CNIiiniyGigves 

Ey-  PiPleclion 

Rubber  nloves  advised 

Goaoles  Ailvked 

Oll'pi  PrMe^lr7iTl0tliinq  0*  ^quipmiTni' 


None 


Avoid  open  flames  Aparin,  emoklng  ertd  ether  Ignition  sottrtae  In  the  vicindy  of  MlCIXeystoms  and  assooaiod  ar|inpitiinit 


NFPA  PlaeierJ 


FlerDnialiilily «  0 
R«>cnvrty»Q 

Other  Spacific  Hazerd  •Null 


ERDC/CERLTR-09-28 


B125 


niter 

Brine . 47 

Water . 3 

Flange  Niito . ^..^....46 

Float  Swildi . .  See  Le>’el  Switdi 

noat  Valve . 3.  93  -95 

How  Rate . . . »..39, 52 

G 

Ground . 52 

H 

Heater . 3,24 

/ 

Injection  System . 83 

Injection  Method . 83 

Injection  Rate . 84 

Injection  Ratio . 84 

Installation 

Brine  Generator  Plumbing . 16 

Cell . 12 

Caitrol  Panel . 9 

Electrical  Power  Ccainections . 10 

Interface  Block  Wiring . 1 1 

Mixed-Oxidant  Solution  Feed  Line . 15 

Solution  Tank . 21-24 

Water  Feed  Connection . 14 

W^er  Softener . 17-20 

Water  Supply  to  Heat  Exchanger . 14 

J 

.Junction  Box . 23 

L 

Leaks . 44 

Level  Switch . 4,  23,  37,  46,  98 

Line  Conditioner . 52 

Log  Sheet . 45 

Loose  Connections . ......44 

M 

Maintenance 

Daily . 43 

Monthly . 46 

Quarterly . 47 

Weekly . 44 

MIOX  SoIuUon  Feed  Une _ _ 24 

N 

National  Saintary  Foiiiidation..,.,.....„..SeeNSF 
NSF . 1,83 
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o 

Operation  Parameters 

ORP . . . 

Overflow  Port . 

Oxidant  Demand . 

P 


. 43 

. 84 

. 24 

,51.  72-79,  83.  84 


Power  Usage.. . 52 

Pressure 

Feed  Wala- . 44 

iVessureS>vfidi.... . ...4 

Piocednres 

Acid  Washing  Cells..... . 86 

Brine  Pump . 91  -92 

Ceil  Installation . 90 

Float  Valve . 93-95 

Level  Switch . 98 

Oxidant  Demand  Testing . 72-79 

Solaioid . 96 

Water  Quality . 75, 76 

Purge . . . ....37 


R 


Regulatory  Approval . . . .  1 

Residual . See  Chlorine:  Residual 


S 


Safety 

Electrical  Safety . . . 63 

Hydrogen  Safety . 60 

Warnings  and  Precautions . viii,  7, 27 

Salt 

Filling . 35 

Level . 43 

Purity. . 34 

Specifications . 34 

Security . . . See  Site  Selection 

Shocking  the  System . 84 

Shutdown . ..37.  49 

Site  Selection 

Enclosure . 2 

Security . 2 

Space  Required . 2 

Solenoid..., . . .m.m»hm.....37,  96 

Solenoid  Valve . 4 

SoluUon  Tank . 4, 21-24, 47 

Drop  Tube . 4 

Space  Required  . . Site  Selection 

Spare  Parts... . 65 

Standby . . . 37 

Startup . SS-S"? 

System 


Ccmtrols  Subsystem . 

. 28 

. 28 

. 28 

dH 

System  Components 

General . 

. 2-6 

System  Operation  Conrols 

. 30 

System  Operation  Controls 

. 29 

. 29 

. 29 

System  Staus  Uslit 

Compiitcr  Operating  Properly 

. 30 

Fault . 

. 31 

Operate . . . 

. 30 

Power . 

. 30 

T 

Temperature 

. 53 

Water  '  XE  *'ChUleri’  \t 

"See  Heater" 

. 3 

. 53 

. . 76-79 

. . 53. 55 

U 

7 

r 

. . 22 

m  84 

Voltage 

. 36,  52 

Cell . ! . 

. 36.52 

System . 

. 34 

ir 

Water  HIter . . 

See  Hlter:VVater 

. 52 

Water  Pressure . 

. 7^  7/i 

. . . 3,  17  21 

Hardness . 

. 17 

. 17-20 

Operation . 

. 20 

. 38 

. 38 

. . 49 

Wiring  Connections . . 

. 47 
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MlOX  Corporation 

Customer  Service  Dept.  for  general  information  and  customer  support, 

5601  Balloon  Fiesta  Parkway  NE  please  contact  your  sales  agent  distributor  or 

Albuquerque,  NM  87113  MlOX  Corporation  Customer  Support. 

Phone:  505.343.0090 

Toll  Fee:  1.866.MIOX.HLP  (1.866.646.9457) 

FAX:  505.343.0093 

CustSvc@mfox.com 

www.miox.com 
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ATTACHMENT  2 
SURTECH  SAFETY  POLICY 

SURTECH  CORPORATION  SAFETY  POLICY 


SurTech  Corporation  is  in  the  business  of  manufaeturing ,  selling,  and 
servieing  in  the  water  treatment  ehemieal  business.  Our  first  and  fore¬ 
most  eoneern  shall  be  for  the  safety  of  our  eustomers  and  their  em¬ 
ployees.  Even  though  many  of  our  produets  may  be  safely  added  to 
drinking  water  or  be  used  under  USDA  or  FDA  guidelines  in  eustomer 
faeilities,  they  eon  he  hazardous  in  their  eoneentrated  form.  ALL 
PEOPLE  WHO  HANDLE  AND  WORK  WITH  SURTECH 
CORPORATION’S  PRODUCTS  WILL  BE  TRAINED  IN  THEIR 
SAFE  USE.  This  doeument  provides  information  and  guidanee  for  the 
establishment  and  maintenanee  of  an  aeeident-free  work  environment. 

Any  injury  resulting  from  the  use  or  handling  of  our  products  or  any  ad¬ 
verse  reaction  must  be  reported  to  our  corporate  office  within  one  busi¬ 
ness  day. 

PLANT  SAFETY  PROCEDURES  FOR  SURTECH  EMPLOYEES  AND  CONTRACTORS 

GENERAL  INFORMATION: 

A  copy  of  the  following  documents  will  be  maintained  on  each  job  site: 
SurTech  Corporation  Safety  Manual 

OSHA  Safety  and  Health  Standards  (29  CFR  1926  -  Construction  and  29 
CFR 1910  -  General  Industry) 

SAFETY  AND  HEALTH  POLICY; 

The  purpose  of  this  policy  is  to  develop  a  high  standard  of  safety  through¬ 
out  all  operations  of  SurTech  Corporation  and  to  provide  guidelines  so 
employees  are  not  required  to  work  under  conditions  that  are  hazardous 
or  unsanitary.  Employees  have  the  right  to  derive  personal  satisfaction 
from  their  jobs.  The  prevention  of  occupational  injury  or  illness  is  central 
to  this  belief  that  it  will  be  given  top  priority  at  all  times.  It  is  SurTech 
Corporation’s  goal  to  initiate  and  maintain  complete  accident  prevention 
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and  safety  training  programs.  Each  individual  is  responsible  for  the  safety 
and  health  of  those  persons  in  their  charge  and  co-workers  around  them. 
By  accepting  mutual  responsibility  to  operate  safely,  we  will  all  contribute 
to  the  well  being  of  personnel. 

SAFETY  AND  HEALTH  RESPONSIBILITIES; 

SUPERVISORS  AND  MANAGERS; 

The  safety  and  health  of  the  employees  they  supervise  is  a  primary  respon¬ 
sibility  of  supervisors  and  managers..  To  accomplish  this  obligation,  su¬ 
pervisors  will: 

•  Conduct  pre-job  safety  orientations  with  all  workers  to  outline  safety 
and  health  rules,  regulations  and  policies.  Review  rules  as  the  job  or 
conditions  change  or  as  required. 

•  Require  the  proper  care  and  use  of  all  required  protective  equipment. 

•  Identify  and  eliminate  job  hazards  through  job  safety  analysis  proce¬ 
dures. 

•  Inform  and  train  all  employees  on  the  hazardous  chemicals  they  MAY 
encounter  under  normal  working  conditions  or  during  an  emergency 
situation. 

•  Receive  and  take  initial  action  on  employee  suggestions,  awards  or  dis¬ 
ciplinary  measures. 

•  Train  all  employees  in  the  safe  and  efficient  methods  of  accomplishing 
each  job  or  task. 

EMPLOYEE  SAFETY  AND  HEALTH  RESPONSIBILITIES 

•  Report  all  on  the  job  injuries  promptly. 

•  Report  all  equipment  damage  to  your  supervisor  immediately. 

•  Don’t  take  chances  -  use  your  safety  equipment  as  directed. 

•  Follow  instructions  -  ask  questions  of  your  supervisor  if  required. 

•  Observe  and  comply  with  all  safety  signs  and  regulations. 

•  Report  all  unsafe  conditions  or  situations  that  are  potentially  hazard¬ 
ous. 

•  Operate  only  equipment  you  are  qualified  to  operate.  When  in  doubt, 
ask  for  directions. 

•  Talk  to  management  about  problems  that  affect  your  safety  or  work 
conditions. 
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The  most  important  part  of  this  program  is  the  individual  employee  -  You! 

Without  your  cooperation,  the  most  stringent  program  can  be  ineffective. 

Protect  yourself  and  your  fellow  worker  by  following  the  rules.  Remember: 

Work  safely  so  you  can  go  home  to  your  family  and  friends. 

Don’t  take  chances  -  THINK  SAFETY  FIRST! 

GENERAL  SAFETY  RULES 

•  Always  store  materials  in  a  safe  manner.  Tie  down  or  support  piles  if 
necessary  to  prevent  falling,  rolling  or  shifting. 

•  Fall  protection  gear  shall  be  used  whenever  working  at  6  feet  or  hight 
above  the  ground/ floor  in  a  space  that  is  not  properly  prelected  by  gua¬ 
rdrails  and  kick  plates.  If  in  question,  review  situation  with  Supervisor 
before  proceeding  with  work. 

•  Shavings,  dust,  scraps,  oil  or  grease  should  not  be  allowed  to  accumu¬ 
late.  Good  housekeeping  is  a  part  of  the  job. 

•  Refuse  piles  must  be  removed  as  soon  as  possible.  Refuse  is  a  safety 
and  fire  hazard. 

•  Remove  or  clinch  nails  in  lumber  that  has  been  used  or  removed  from  a 
structure. 

•  Immediately  remove  all  loose  materials  from  stairs,  walkways,  ramps, 
platforms,  etc. 

•  Do  not  block  aisles,  traffic  lanes,  fire  exits,  gangways  or  stairs. 

•  Avoid  shortcuts  -  use  ramps,  stairs,  walkways,  ladders,  etc. 

•  Standard  guardrails  must  be  erected  around  all  floor  openings  and  ex¬ 
cavations  must  be  barricaded.  Contact  your  supervisor  for  the  correct 
specifications. 

•  Get  help  with  heavy  or  bulky  materials  to  avoid  injury  to  you  or  dam¬ 
age  to  material. 

•  Keep  all  tools  and  materials  away  from  the  edges  of  scaffolding,  plat¬ 
forms,  shaft  openings,  etc. 

•  Do  not  use  tools  with  split,  broken  or  loose  handles,  burred  or  mu¬ 
shroomed  heads. 

•  Keep  cutting  tools  sharp  and  carry  all  tools  in  a  container. 

•  Know  the  correct  use  of  hand  and  power  tools.  Use  the  right  tool  for  the 
job. 

•  All  electrical  power  tools  (unless  double  insulated),  extension  cords 
and  equipment  shall  be  properly  grounded. 
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•  All  electrical  power  tools  and  extension  cords  shall  be  properly  insu¬ 
lated. 

•  Damaged  cords  shall  be  replaced. 

•  Know  the  location/use  of  fire  extinguishing  equipment  and  the  proce¬ 
dure  for  sounding  an  alarm. 

•  Flammable  liquids  shall  be  used  only  in  small  amounts  at  the  work  site, 
in  approved  safety  cans. 

•  Proper  guards  or  shields  must  be  installed  on  all  power  tools  before 
use.  Do  not  use  any  tools  without  the  guards  in  their  proper  working 
condition.  No  “homemade”  handles  or  extensions  (cheaters)  will  be 
used! 

•  Do  not  operate  any  power  tool  or  equipment  unless  you  are  trained  in 
its  operation  and  authorized  by  your  firm  to  do  so. 

•  Use  tools  only  for  their  designed  purpose. 

•  Do  not  remove,  deface  or  destroy  any  warning,  danger  sign  or  barri¬ 
cade,  or  interfere  with  any  form  of  accident  prevention  device  or  prac¬ 
tice  provided  for  your  use  or  that  is  being  used  by  other  workmen. 

•  All  electrical  power  equipment  and  tools  must  be  grounded  or  double 
insulated. 

•  Use  tools  only  for  their  designed  purpose. 

LADDER  SAFETY  RULES 


GENERAL 

•  Inspect  for  physical  defects  before  use. 

•  Ladders  are  not  to  be  painted  except  for  numbering  purposes. 

•  Do  not  use  ladders  for  skids,  braces,  workbenches  or  any  purpose  other 
than  climbing. 

•  When  you  are  ascending  or  descending  a  ladder,  do  not  carry  objects 
that  will  prevent  you  from  grasping  the  ladder  with  both  hands. 

•  Always  face  the  ladder  when  ascending  or  descending. 

•  If  you  must  place  a  ladder  over  a  doorway,  barricade  the  door  to  pre¬ 
vent  its  use  and  post  a  warning  sign. 

•  Only  one  person  is  allowed  on  a  ladder  at  a  time. 

•  Always  keep  both  feet  on  the  ladder  rungs.  Do  not  step  laterally  from  a 
ladder  onto  another  object. 

•  Do  not  jump  from  a  ladder  when  descending. 

•  All  joints  between  steps,  rungs  and  side  rails  shall  be  tight. 

•  Safety  feet  shall  be  in  good  working  order  and  in  place. 
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•  Rungs  shall  be  free  of  grease  and/or  oil. 

•  Fall  protection  gear  shall  be  used  whenever  working  at  6  feet  or  hight 
above  the  ground/ floor  in  a  space  that  is  not  properly  protected  by  gua¬ 
rdrails  and  kick  plates.  If  in  question,  review  situation  with  Supervisor 
before  proceeding  with  work. 

STRAIGHT  TYPE  OR  EXTENSION  LADDERS 

•  All  straight  or  extension  ladders  must  be  at  least  three  feet  beyond  the 
supporting  object  when  used  as  an  access  to  an  elevated  work  area. 

•  After  raising  the  extension  portion  of  a  two  or  more  stage  ladders  to  the 
desired  height,  check  to  be  sure  that  the  safety  dogs  or  latches  are  en¬ 
gaged. 

•  All  extension  or  straight  ladders  must  be  secured  or  tied  off  at  the  top. 

•  All  ladders  must  be  equipped  with  safety  (non-skid)  feet. 

•  Portable  ladders  shall  be  used  at  such  a  pitch  that  the  horizontal  dis¬ 
tance  from  the  top  support  to  the  foot  of  the  ladder  is  about  one- 
quarter  of  the  working  length  of  the  ladder. 

STEPLADDERS 

•  Do  not  place  tools  or  materials  on  the  steps  or  platform  of  a  stepladder. 

•  Do  not  use  the  top  two  steps  or  ladder  cap  of  a  stepladder  as  a  step  or 
stand. 

•  Always  level  all  four  feet  and  lock  spreaders  in  place. 

•  Do  not  use  a  stepladder  as  a  straight  ladder. 

•  All  ladders  must  be  equipped  with  safety  (non-skid)  feet. 

•  Portable  ladders  must  be  used  at  such  a  pitch  that  the  horizontal  dis¬ 
tance  from  the  top  support  to  the  foot  of  the  ladder  is  about  one- 
quarter  of  the  working  length  of  the  ladder. 

MOTORIZED  VEHICLES  AND  EQUIPMENT  SAFETY  RULES 

•  Do  not  ride  on  motorized  vehicles  or  equipment  unless  a  proper  seat  is 
provided  for  each  rider. 

•  Always  be  seated  when  riding  authorized  vehicles  (unless  they  are  de¬ 
signed  for  standing.) 

•  Always  use  your  seat  belts  in  the  correct  manner. 

•  Obey  all  speed  limits  and  other  traffic  regulations. 

•  Always  be  aware  of  pedestrians  and  give  them  the  right-of-way. 
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•  Always  inspect  your  vehicle  or  equipment  before  and  after  daily  use. 

•  Never  mount  or  dismount  vehicles  or  equipment  while  they  are  still  in 
motion. 

•  Do  not  dismount  any  vehicle  without  first  shutting  down  the  engine, 
setting  the  parking  brake,  and  securing  the  load. 

•  Do  not  allow  other  persons  to  ride  the  hook  or  block,  dump  box,  forks, 
bucket,  or  shovel  of  any  equipment. 

•  Each  operator  must  be  knowledgeable  of  all  hand  signals  and  obey 
them.  Any  equipment  used  on  site  needing  communication  with  anoth¬ 
er  for  operation  -  all  parities  operating  the  equipment  to  review  the 
hand  signals  to  be  used  and  meanings  of  each  prior  to  using  the 
equipment 

•  Each  operator  is  responsible  for  the  stability  and  security  of  their  load. 

FIRST  AID  PROCEDURES  IN  CONSTRUCTION 

Eirst  aid  at  the  job  site  is  done  on  a  Good  Samaritan  basis.  If  employees 
are  involved  in  a  situation  involving  blood,  they  should: 

•  Avoid  skin  contact  with  blood/OPIM  (other  potentially  infectious  ma¬ 
terials)  by  letting  the  victim  help  as  much  as  possible,  and  using  gloves 
provided  in  first  aid  kit. 

•  Remove  clothing,  etc.,  with  blood  on  it  after  rendering  help. 

•  Wash  thoroughly  with  soap  and  water  to  remove  blood.  A  io%  chlorine 
bleach  solution  is  good  for  disinfecting  the  area  contaminated  with 
blood  (spills,  etc.). 

•  Report  such  first  aid  incidents  within  the  shift  to  supervisors  (time, 
date,  blood  presence,  exposure,  those  helping). 

The  employee  should  receive  full  Hepatitis  B  vaccinations  as  soon  as  poss¬ 
ible,  but  no  later  than  24  hours,  after  the  first  aid  incident.  If  an  exposure 
incident  occurs,  the  following  steps  should  be  followed:  a  post  exposure 
evaluation,  follow-up  treatment,  follow-up  as  listed  in  CDC  guidelines. 

Training  covering  the  above  information  should  be  conducted  at  job  site 
safety  meetings. 
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PROCEDURE  FOR  INJURY  OR  ILLNESS  ON  THE  JOB 

Owner  or  supervisor  shall  immediately  take  charge: 

•  Call  911 EMS. 

•  Render  Good  Samaritan  first  aid,  if  possible  by  a  first  aid  certified  em¬ 
ployee. 

•  Arrange  for  transportation  (ambulance,  helicopter,  company  vehicle, 
etc.),  depending  on  seriousness. 

•  Notify  top  management  if  not  already  present.  Superintendent  and/or 
Project  Administrative  Assistant. 

•  Do  not  move  anything  unless  necessary,  pending  investigation  of  acci¬ 
dent. 

•  Accompany  or  take  injured  person  to  doctor,  hospital,  home,  etc.  (de¬ 
pending  on  extent  of  injuries). 

•  Take  injured  person  to  family  doctor  if  available. 

•  Remain  with  injured  until  relieved. 

When  the  injured  person's  immediate  family  is  known  by  the  management 
or  supervisor,  they  should  properly  notify  these  people,  preferably  in  per¬ 
son,  or  have  an  appropriate  person  do  so. 

ENERGY  CONTROL  (LOCKOUT/TAGOUT) 

SAFE  CLEARANCE  AND  LOCKOUT/TAGOUT  PROCEDURES 

The  basic  safety  rule  governing  safe  clearance  and  lockout/tagout  proce¬ 
dures  is  that  all  conductors  and  equipment  are  considered  energized  until 
all  sources  of  electrical  energy  have  been  disconnected  or  otherwise  pre¬ 
vented  from  energizing  the  equipment  or  circuits  being  worked  on.  Even 
with  safe  clearance  and  lockout/tagout  procedures  applied,  all  lines  and 
apparatus  must  be  grounded  with  approved  grounding  methods  and  tested 
for  no  voltage.  This  will  reduce  the  voltage  across  the  worker  to  the  lowest 

practical  value  possible,  in  case  the  line  or  equipment  being  worked  on  is 
accidentally  energized.  As  part  of  safe  working  practices,  the  lock¬ 
out/tagout  process  requires  a  circuit  be  de-energized,  tested  dead,  iso¬ 
lated,  tested  dead,  locked  out,  tagged,  and  grounded. 
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CONSTRUCTION  ELECTRICAL  SAEETY 
GROUND  FA  ULT PROTECTION 

Electrical  hazards  are  a  significant  source  of  injuries  and  fatalities  in  the 
construction  industry.  Employee  contact  with  electricity  is  responsible  for 
approximately  i8%  of  the  fatalities  observed  in  construction.  Many  inju¬ 
ries  and  fatalities  could  be  prevented  through  the  use  of  safe  electrical 
work  practices  that  include  providing  ground  fault  circuit  interrupters  on 
all  temporary  wiring. 

All  electrical  work  will  be  in  accordance  with  the  Department  of  Defense 
United  Eacilities  Criteria  Electric  Safety,  O  &  M  UEC  3-560-1,  6  December 
2006. 

All  employers  on  construction  sites  are  required  to  use  either  ground  fault 
circuit  interrupters  (GECI)  or  assured  equipment  grounding  conductor 
programs  to  protect  employees  from  the  risk  of  electrocution  or  shock. 
There  are  several  different  means  of  employing  GECI  depending  on  the 
application:  A.  as  an  attachment  to  an  appliance  cord,  B.  installed  at  the 
breaker  panel,  or  C.  provided  at  the  receptacle. 

Extension  cords  are  considered  to  be  temporary  wiring;  therefore,  you 
should  ensure  that  ground  fault  protection  is  used  in  conjunction  with  all 
extension  cords  on  construction  sites. 

All  apparel,  tools,  and  equipment  used  on  the  job  must  comply  with  UEC 
3-560-1  as  well  as  the  applicable  services  and  OSHA  requirements.  Regu¬ 
lar  inspections  are  also  necessary  to  prevent  the  use  of  defective  items  on 
the  job.  The  authorized  individual-in-charge  may,  regardless  of  ownership, 
prohibit  the  use  of  any  equipment  on  the  job  which  could  be  considered 
unsafe. 

An  initial  inspection  of  tools  brought  on  the  job  by  a  new  worker  must  be 
made  by  the  authorized  individual-in-charge.  Use  must  be  permitted  only 
if  the  tools  are  in  good  condition  and  conform  to  requirements  of  this  UEC 
3-560-1. 

Inspections  of  tools  and  equipment  that  are  used  by  an  individual  worker 
may  be  made  by  the  authorized  individual -in-charge  at  any  time.  Use  of 
employee  owned  test  equipment  is  prohibited. 
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Rubber  or  other  approved  protective  equipment  must  be  used  on  all  con¬ 
ductors  or  energized  parts,  which  could  be  contacted  by  a  worker  climbing 
to  or  reaching  from  a  work  position.  Rubber  or  other  approved  protective 
equipment  must  be  rated  for  the  voltage  encountered. 

Establish  safe  clearance  and  lockout/tagout  procedures  at  each  facility. 

Verify  that  existing  permanent  electrical  system  grounds  are  adequate  for 
personnel  protective  grounding,  and  provide  additional  temporary  groun¬ 
ding  as  necessary. 

Be  sure  to  check  single  line  diagrams  and  verify  that  all  inputs  and  inter¬ 
connections  to  any  electric  power  source  are  locked  and  tagged  open.  Veri¬ 
fy  single  line  diagram  connections  with  the  actual  line  connections  of  the 
applicable  equipment. 

Consult  the  manufacturer’s  instruction  manual  if  available  for  the  appara¬ 
tus  before  starting  work. 

Before  starting  work  on  de-energized  circuits  or  equipment,  verify  zero 
voltage  on  the  circuit  with  a  confirmed  properly  operating  voltmeter. 

When  working  on  or  near  energized  circuits,  workers  must  stand  on  a  dry 
surface. 

Use  properly  grounded  portable  electric  tools,  particularly  in  damp  loca¬ 
tions  or  near  grounded  equipment  or  piping.  Do  not  open  a  ground  con¬ 
nection  to  a  water  pipe  or  ground  rod  until  the  ground  wire  has  been  dis¬ 
connected  at  the  equipment. 

MATERIAL  SAFETY  DATA  SHEETS  (MSDS) 

HAZARDOUS  NON-ROUTINE  TASKS 

Prior  to  introducing  a  new  chemical  hazard  into  any  section  of  this  com¬ 
pany,  each  employee  in  that  section  will  be  given  information  and  training 
as  outlined  above  for  the  new  chemieal  hazard. 

Periodically,  employees  are  required  to  perform  hazardous  non-routine 
tasks.  Some  examples  of  non-routine  tasks  are:  confined  space  entry,  op¬ 
eration  of  compressed  air  equipment,  working  next  to  the  edge  of  the  roof. 
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Prior  to  starting  work  on  such  projects,  each  affected  employee  will  be  giv¬ 
en  information  by  the  manager  about  the  hazardous  chemicals  he  or  she 
may  encounter  during  such  activity.  This  information  will  include  specific 
chemical  hazards,  and  protective  and  safety  measures  the  employee  can 
use. 

MULTI-EMPLOYER  WORKPLACES 

It  is  the  responsibility  of  the  manager  to  provide  other  employers,  with 
employees  at  the  work  site,  copies  of  MSDSs  (or  make  them  available  at  a 
central  location)  for  any  hazardous  chemicals  that  the  employee  may  be 
exposed  to.  The  manager  will  also  inform  other  employers  of  any  precau¬ 
tionary  measures  that  need  to  be  taken  to  protect  employees  during  nor¬ 
mal  operating  conditions  or  in  foreseeable  emergencies,  and  provide  an 
explanation  of  the  labeling  system  that  is  used  at  the  work  site. 
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